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8-1. A spherical gas tank has an inner radius of r = 1.5 m. 
If it is subjected to an internal pressure of p = 300 kPa, 
determine its required thickness if the maximum normal 
stress is not to exceed 12 MPa. 


= Rl. 

O" allow 2 ^ ’ 


12 ( 10 6 ) = 


300(10 3 )(1.5) 
2 t 


t = 0.0188 m = 18.8 mm 


Ans. 


8-2. A pressurized spherical tank is to be made of 
0.5-in.-thick steel. If it is subjected to an internal pressure 
of p = 200 psi, determine its outer radius if the maximum 
normal stress is not to exceed 15 ksi. 


p r 

O" allow — 2 t ’ 


15(10 3 ) = 


200 r t 
2(05) 


r t = 75 in. 


r Q = 75 in. + 0.5 in. = 75.5 in. 


Ans. 


8-3. The thin-walled cylinder can be supported in one of 
two ways as shown. Determine the state of stress in the wall 
of the cylinder for both cases if the piston P causes the 
internal pressure to be 65 psi. The wall has a thickness of 
0.25 in. and the inner diameter of the cylinder is 8 in. 



(a) 



Case (a): 


Case (b): 


P r 65 ( 4 ) imv 

<7l = T ; <7l = W = L04ksi 


O- 2 = 0 


o-i 


pr 
t ’ 


o-i 


65(4) 

0.25 


1.04 ksi 


o- 2 


pr 
It ’ 


0-2 


65(4) 

2(0.25) 


= 520 psi 


Ans. 

Ans. 


Ans. 


Ans. 
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*8-4. The tank of the air compressor is subjected to an 
internal pressure of 90 psi. If the internal diameter of 
the tank is 22 in., and the wall thickness is 0.25 in., 
determine the stress components acting at point A. Draw a 
volume element of the material at this point, and show the 
results on the element. 



r 11 

Hoop Stress for Cylindrical Vessels: Since - = - — = 44 > 10, then thin wall 
analysis can be used. Applying Eq. 8-1 

pr 90(11) 

(t x = — = ^ = 3960 psi = 3.96 ksi Ans. 

1 t 0.25 F 

Longitudinal Stress for Cylindrical Vessels: Applying Eq. 8-2 
pr 90(11) 

(j 2 = ~~ = = 1980 psi = 1.98 ksi Ans. 

2 2 1 2(0.25) F 





Kst 


•8-5. The spherical gas tank is fabricated by bolting together 
two hemispherical thin shells of thickness 30 mm. If the gas 
contained in the tank is under a gauge pressure of 2 MPa, 
determine the normal stress developed in the wall of the tank 
and in each of the bolts. The tank has an inner diameter of 8 m 
and is sealed with 900 bolts each 25 mm in diameter. 


Normal Stress: Since - 
t 


spherical tank’s wall, 


4 

0.03 


133.33 > 10, thin-wall analysis is valid. For the 



pr 2(4) 

a = V- = = 133 MPa 


2 1 2(0.03) 


Referring to the free-body diagram shown 
P = pA = 2(l0 6 ) ^ (8 2 ) = 32i7-(l0 6 ) N.Thus, 

+1= 0; 32tt(10 6 ) - 450P,, - 450P,, = 0 

P b = 35.56(10 3 )ttN 

The normal stress developed in each bolt is then 


<*b 


35.56(l0 3 )7 
T (o.025 2 ) 


= 228 MPa 


Ans. 
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8-6. The spherical gas tank is fabricated by bolting 
together two hemispherical thin shells. If the 8-m inner 
diameter tank is to be designed to withstand a gauge pressure 
of 2 MPa, determine the minimum wall thickness of the 
tank and the minimum number of 25-mm diameter bolts 
that must be used to seal it. The tank and the bolts are made 
from material having an allowable normal stress of 150 MPa 
and 250 MPa, respectively. 


Normal Stress: For the spherical tank’s wall, 

pr 


^"allow 


It 


150(l0 6 ) = 2 ^ (4) 


t = 0.02667 m = 26.7 mm 



Ans. 


r 4 

Since - = ^ = 150 > 10, thin-wall analysis is valid. 

t 0.02667 y 


Referring to the free-body diagram shown in Fig. a, 
P = pA = 2(l0 6 ) j (8 2 ) = 32i7-(l0 6 ) N.Thus, 


+ UF V = 0; 


32tt(10 6 ) - UiUl!ow - ^(Pb )allow = 0 


3277 10 6 


(P b) allow 

The allowable tensile force for each bolt is 


(n)aiiow = fallow A = 250(l0 6 ) j(0.025 2 ) = 39.0625(10 3 )ttN 


( 1 ) 


Substituting this result into Eq. (1), 

32tt(10 6 ) 

n = - / x = 819.2 = 820 Ans. 

39.06257r(l0 3 ) 
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*8-8. The gas storage tank is fabricated by bolting together 
two half cylindrical thin shells and two hemispherical shells 
as shown. If the tank is designed to withstand a pressure 
of 3 MPa, determine the required minimum thickness of 
the cylindrical and hemispherical shells and the minimum 
required number of longitudinal bolts per meter length at 
each side of the cylindrical shell. The tank and the 25 mm 
diameter bolts are made from material having an allowable 
normal stress of 150 MPa and 250 MPa, respectively. The 
tank has an inner diameter of 4 m. 



Normal Stress: For the cylindrical portion of the tank, the hoop stress is twice as 
large as the longitudinal stress. 


^allow 


pr 

t 


150(l0 6 ) = 


3(l0 6 )(2) 


t c = 0.04 m = 40 mm 

For the hemispherical cap, 
pr 


Ans. 


^"allow 


t 


, . 3(l0 6 )(2) 

150(l0 6 ) = ^ 


t K = 0.02 m = 20 mm 


Ans. 


Since - < 10, thin-wall analysis is valid. 


Referring to the free-body diagram of the per meter length of the cylindrical 
portion,Fig. a, where P = pA = 3(l0 6 )[4(1)] = 12(l0 6 )N, we have 

+ = 0; 12(l0 6 ) - « c (P 6 ) a llow - »c(A>)allow = 0 

6(l0 6 ) 


(P b) allow 

The allowable tensile force for each bolt is 


( 1 ) 


(n)aiiow = fallow A b = 250(l0 6 ) f(0.025 2 ) = 122.72(l0 3 )N 


Substituting this result into Eq. (1), 

n c = 48.89 = 49 bolts/meter Ans. 



fli(Pk)allo*j 

(a) 


536 



















































08 Solutions 46060 5/28/10 8:34 AM Page 537 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


•8-9. The gas storage tank is fabricated by bolting together 
two half cylindrical thin shells and two hemispherical shells 
as shown. If the tank is designed to withstand a pressure of 
3 MPa, determine the required minimum thickness of the 
cylindrical and hemispherical shells and the minimum 
required number of bolts for each hemispherical cap. The 
tank and the 25 mm diameter bolts are made from material 
having an allowable normal stress of 150 MPa and 250 MPa, 
respectively. The tank has an inner diameter of 4 m. 



Normal Stress: For the cylindrical portion of the tank, the hoop stress is twice as 
large as the longitudinal stress. 


allow 


pr 


150(l0 6 ) = 


3(l0 6 )(2) 


t c = 0.04 m = 40 mm 

For the hemispherical cap, 
pr 


Ans. 


V allow 


t 


, . 3(l0 6 )(2) 

150(l0 6 ) = ^ 


t« = 0.02 m = 20 mm 


Ans. 


r 

Since - < 10, thin-wall analysis is valid. 
The allowable tensile force for each bolt is 



Wallow = fallow A b = 250(l0 6 ) ^(0.025 : 


122.72(l0 3 )N 


Referring to the free-body diagram of the hemispherical cap, Fig. b, where 
P = pA = 3(l0 6 ) ^(4 2 ) = 12 tt(10 6 )n, 

^ = 0; 12tt(10 6 ) - ^ (P ft ) allow - ^ (P„U 0W = 0 

12tt(10 6 ) 

Hs = (1) 


Substituting this result into Eq. (1), 

n s = 307.2 = 308 bolts 


Ans. 
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8 - 10 . A wood pipe having an inner diameter of 3 ft is 
bound together using steel hoops each having a cross- 
sectional area of 0.2 in 2 . If the allowable stress for the hoops 
is fallow = 12 ksi, determine their maximum spacing s along 
the section of pipe so that the pipe can resist an internal 
gauge pressure of 4 psi. Assume each hoop supports the 
pressure loading acting along the length s of the pipe. 


Equilibrium for the steel Hoop: From the FBD 
= 0; IP - 4(36s) = 0 P = 72.0s 


Hoop Stress for the Steel Hoop: 


_ P_ 

°"l — °"allow — 


12 ( 10 3 ) = 


72.0s 

0.2 


s = 33.3 in. 




Ans. 


8 - 11 . The staves or vertical members of the wooden tank 
are held together using semicircular hoops having a 
thickness of 0.5 in. and a width of 2 in. Determine the normal 
stress in hoop AB if the tank is subjected to an internal 
gauge pressure of 2 psi and this loading is transmitted 
directly to the hoops. Also, if 0.25-in.-diameter bolts are used 
to connect each hoop together, determine the tensile stress 
in each bolt at A and B. Assume hoop AB supports the 
pressure loading within a 12-in. length of the tank as shown. 


F r = 2(36)(12) = 864 lb 

2F = 0; 864 - IF = 0; F = 432 lb 



°b = 


2 7 _ 

A b 


432 

0.5(2) 


432 

f (0-25) 2 


432 psi 

= 8801 psi = 8.80 ksi 


18 in. 


12 in. 



12 in. 


Ans. 


Ans. 



/Z' n 
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* 8 - 12 . Two hemispheres having an inner radius of 2 ft and 
wall thickness of 0.25 in. are fitted together, and the inside 
gauge pressure is reduced to -10 psi. If the coefficient 
of static friction is /i s = 0.5 between the hemispheres, 
determine (a) the torque T needed to initiate the rotation 
of the top hemisphere relative to the bottom one, (b) the 
vertical force needed to pull the top hemisphere off 
the bottom one, and (c) the horizontal force needed to slide 
the top hemisphere off the bottom one. 


Normal Pressure: Vertical force equilibrium for FBD(a). 

+1 IFy = 0; 10[tt(24 2 )] - N = 0 N = 5760tt lb 

The Friction Force: Applying friction formula 

F f = fi s N = 0.5(5760t r) = 288077 lb 

a) The Required Torque: In order to initiate rotation of the two hemispheres 
relative to each other, the torque must overcome the moment produced by the 
friction force about the center of the sphere. 

T = F f r = 2880tt( 2 + 0.125/12) = 18190 lb - ft = 18.2 kip • ft Ans. 

b) The Required Vertical Force: In order to just pull the two hemispheres apart, the 
vertical force P must overcome the normal force. 

P = N = 5760tt = 18096 lb = 18.1 kip Ans. 

c) The Required Horizontal Force: In order to just cause the two hemispheres to 
slide relative to each other, the horizontal force F must overcome the friction force. 

F = F f = 288077 = 9048 lb = 9.05 kip Ans. 




• 8 - 13 . The 304 stainless steel band initially fits snugly around 
the smooth rigid cylinder. If the band is then subjected to a 
nonlinear temperature drop of AT = 20 sin 2 6 °F, where 6 is 
in radians, determine the circumferential stress in the band. 

Compatibility: Since the band is fixed to a rigid cylinder (it does not deform under 
load), then 


8i 7 St* — 0 


/ 


aATrdO = 0 


T(277r) 

AE 

277 r (P\ f 2 . 9 

—— — = 20 ar / sin QdQ however, — = a c 

E \AJ J 0 A 


l 


(T c = 10 a / (1 — cos 2 0)d0 


277 

~E 

(j c = 10 aE 

= 10(9.60)(lO -6 ) 28.0(l0 3 ) = 2.69 ksi 


Ans. 
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8 - 14 . The ring, having the dimensions shown, is placed 
over a flexible membrane which is pumped up with a 
pressure p. Determine the change in the internal radius of 
the ring after this pressure is applied. The modulus of 
elasticity for the ring is E. 



Equilibrium for the Ring: Form the FBD 

2 F x = 0 ; 2 P — 2 pr t w = 0 P = pr t w 


Hoop Stress and Strain for the Ring: 

_ P _ pr t w pr t 

ai A (r, - r,)w r s - r, 


Using Hooke’s Law 


oj_ pr t 

E E(r s - r,) 


However, 


U = 


277(r^i - 277 r t 
2irr 



Then, from Eq. [1] 


[ 1 ] 


Sn_ = pe 
E E(r s - r t ) 


Sr t = 


2 

prt 


E(r s - rt) 


Ans. 
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8 - 15 . The inner ring A has an inner radius r 1 and outer 
radius r 2 . Before heating, the outer ring B has an inner 
radius r 3 and an outer radius r 4 , and r 2 > r 3 . If the outer ring 
is heated and then fitted over the inner ring, determine the 
pressure between the two rings when ring B reaches the 
temperature of the inner ring. The material has a modulus of 
elasticity of E and a coefficient of thermal expansion of a. 



Equilibrium for the Ring: From the FBD 

1lF x = 0; 2 P — 2 pr t w = 0 P = pr t w 

Hoop Stress and Strain for the Ring: 

P pr t w pr t 


o-i 


A (r a - r,)w r 0 - r t 


Using Hooke’s law 


si 


0-1 pr t 


However, = 


E E(r 0 - Tj) 

2ir(r,)i - 2 t 7T, (r ; ), - r, 8r t 


2ttv 


'i 'i 


Then, from Eq. [1] 


Sr^ = 

r, E(r„ - r t ) 

f. = Prj 

r ' E(r 0 - r,-) 

Compatibility: The pressure between the rings requires 

Sr 2 + Sr 3 = r 2 - r 3 


From the result obtained above 


Sr 7 = 


prl 


E(r 2 - r x ) 


8r 3 = 


prl 


E(r 4 - r 3 ) 


Substitute into Eq. [2] 


pri , prl 

+ — -r = r 2 - r 3 


E(r 2 ~ r 3 ) E(r 4 - r 3 ) 
E(j 2 - r 3 ) 

P = — 2-X 

r 2 , r 3 


r 2 - n r 4 — r 3 


[i] 


[ 2 ] 


Ans. 
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* 8 - 16 . The cylindrical tank is fabricated by welding a 
strip of thin plate helically, making an angle # with the 
longitudinal axis of the tank. If the strip has a width w and 
thickness t , and the gas within the tank of diameter d is 
pressured to p , show that the normal stress developed along 
the strip is given by a e = ( pd/8t)(3 - cos 26). 


Normal Stress: 


(J h (T \ t ~ 


pr p(dj 2) pd 

2 7 


t 


(r l ~ (J 2 - 


pr p(d/2) pd 


21 


21 


At 


Ai = (w cos 0)t. 


shown in Fig. a. Here, 

A h = (w sin 0)t and 

pd pwd 

F h = 07 Ah = (w sin 6)t = ~y~ sin 6 

pd pwd 

Fi = (T[Ai = — (w cos 6)t = ^ cos 6. 


Writing the force equation of equilibrium along the x' axis, 

"pwd 


^F x > = 0; 


pwd 

—— sin 6 
2 


Nn = 


sin 6 + 
pwd 


cos 6 


cos 6 - N R = 6 


(2 sin 2 6 + cos 2 #) 


However, sin 2 # + cos 2 # = 1.This equation becomes 
N e = ^-(sm 2 0 + l) 

Also, sin 2 # = ^ (1 - cos 26), so that 

pwd 

No = (3 - cos 2#) 


Since A d = wt , then 


pwd 


N ft 


(3 - cos 2#) 


ce = 


wt 


pd 

ae = 87 ( 3 - cos 20 ) 


(Q.E.D.) 


r 

/////////// 


c. 

W/#// 




(*) 
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8-17. In order to increase the strength of the pressure vessel, 
filament winding of the same material is wrapped around the 
circumference of the vessel as shown. If the pretension in the 
filament is T and the vessel is subjected to an internal pressure 
p, determine the hoop stresses in the filament and in the wall 
of the vessel. Use the free-body diagram shown, and assume 
the filament winding has a thickness t' and width w for a 
corresponding length of the vessel. 


Normal Stress in the Wall and Filament Before the Internal Pressure is Applied: 

The entire length w of wall is subjected to pretension filament force T. Hence, from 
equilibrium, the normal stress in the wall at this state is 

2T - (07% ( 2 w 7 ) = 0 (07% = ~ t 



and for the filament the normal stress is 




T 

wt' 


Normal Stress in the Wall and Filament After the Internal Pressure is Applied: The 
stress in the filament becomes 


pr T 

v f n = */ + (*n f u = ^ 

And for the wall, 


Ans. 


Ans. 


8-18. The vertical force P acts on the bottom of the plate 
having a negligible weight. Determine the shortest distance 
d to the edge of the plate at which it can be applied so that 
it produces no compressive stresses on the plate at section 
a-a. The plate has a thickness of 10 mm and P acts along the 
center line of this thickness. 


(7 a 0 (7 a (7 jj 



P P(0.1 - d)( 0.1) 

(0.2X0.01) “ i (0.01)(0.2 3 ) 

P(-1000 + 15000 d) = 0 

d = 0.0667 m = 66.7 mm 


Ans. 




d 


v 

P 



P (0 I'd/ 


543 



















































08 Solutions 46060 5/28/10 8:34 AM Page 544 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-19. Determine the maximum and minimum normal 
stress in the bracket at section a-a when the load is applied 
at x = 0. 


Consider the equilibrium of the FBD of the top cut segment in Fig. a , 
+ tSF y = 0; N — 100 = 0 A? = 100kN 
C+2M c = 0; 100(0.1) - M = 0 M = 10kN-m 

A = 0.2(0.03) = 0.006 m 2 / = 1 (0.03)(0.2 3 ) = 20.0(10“ 6 ) m 4 


The normal stress developed is the combination of axial and bending stress. Thus, 


(T 



For the left edge fiber, y = C = 0.1 m.Then 

100 ( 10 3 ) 10 ( 10 3 )( 0 . 1 ) 

<7l 0.006 20 .0(10“ 6 ) 

= -66.67(10 e ) Pa = 66.7 MPa (C) (Max) 


For the right edge fiber, y = 0.1 m.Then 


<tr 


100 (10 3 ) 10(10 3 )(0.1) 

0.006 20.0(10“ 6 ) 


33.3 MPa (T) 


Ans. 


Ans. 


100 kN 




(A) 
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*8-20. Determine the maximum and minimum normal 
stress in the bracket at section a-a when the load is applied 
at x = 300 mm. 


Consider the equilibrium of the FBD of the top cut segment in Fig. a , 
+ l'SFy = 0; N — 100 = 0 N = 100 kN 
c +2M C = 0; M — 100(0.2) = 0 M = 20 kN • m 

A = 0.2 (0.03) = 0.006 m 2 J = T (0.03)(0.2 3 ) = 20.0(10 -6 ) m 4 


The normal stress developed is the combination of axial and bending stress. Thus, 


(T 



For the left edge fiber, y = C = 0.1 m.Then 

100 ( 10 3 ) 20 . 0 ( 10 3 )( 0 . 1 ) 

<jQ 0.006 + 20.0(10“ 6 ) 

= 83.33(10 6 ) Pa = 83.3 MPa (T)(Min) Ans. 

For the right edge fiber, y = C = 0.1 m.Thus 

100 ( 10 3 ) 20 . 0 ( 10 3 )( 0 . 1 ) 

<TR 0.006 20.0(10“ 6 ) 

= 117 MPa Ans. 


100 kN 



loom 
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•8-21. The coping saw has an adjustable blade that is 
tightened with a tension of 40 N. Determine the state of 
stress in the frame at points A and B. 


8 mm 



P Me _ 40 4(0.004) 

(TA ~ A + I (0.008)(0.003) ' i(0.003)(0.008) 3 ~~ & 

Ans. 

4 

4_ 


Me 2(0.004) 

<t b = — = i- 1 ---- = 62.5 MPa 

/ 1 (0.003)(0.008) 3 

Ans. 


aim 


4oU 


*V. 



4 


4 i.Smp, 


8-22. The clamp is made from members AB and AC, 
which are pin connected at A. If it exerts a compressive 
force at C and B of 180 N, determine the maximum 
compressive stress in the clamp at section a-a. The screw EF 
is subjected only to a tensile force along its axis. 



There is no moment in this problem. Therefore, the compressive stress is produced 
by axial force only. 


P _ 240 

A ~ (0.015)(0.015) 


1.07 MPa 


Ans. 



P=*240* 


30 »»** 40 **j 

-M-4 
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8-23. The clamp is made from members AB and AC, 
which are pin connected at A. If it exerts a compressive 
force at C and B of 180 N, sketch the stress distribution 
acting over section a-a. The screw EF is subjected only to 
a tensile force along its axis. 



There is moment in this problem. Therefore, the compressive stress is produced by 
axial force only. 


P_ _ 240 

A ~ (0.015)(0.015) 


1.07 MPa 



to? mfu 



*8-24. The bearing pin supports the load of 700 lb. 
Determine the stress components in the support member 
at point A. The support is 0.5 in. thick. 


= 0; N - 700 cos 30° = 0; N = 606.218 lb 

ZF y = 0; V - 700 sin 30° = 0; V = 350 lb 

C +2M = 0; M - 700(1.25 - 2 sin 30°) = 0; M = 175 lb • in. 

_ N Me _ 606.218 (175)(0.375) 

<Ta ~ A ~T~ (0.75X0.5) i (0.5)(0.75) 3 

(j A = -2.12 ksi 

r A = 0 (since Q A 0) 


Ans. 

Ans. 



547 

































































08 Solutions 46060 5/28/10 8:34 AM Page 548 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


•8-25. The bearing pin supports the load of 700 lb. 
Determine the stress components in the support member 
at point B. The support is 0.5 in. thick. 


SF* = 0; 
ZF y = 0 ; 


N - 700 cos 30° = 0; 
V - 700 sin 30° = 0; 


N = 606.218 lb 
V = 350 lb 


C +SM = 0; M - 700(1.25 - 2 sin 30°) = 0; M = 175 lb • in. 


N Me 
aB= A + — 


606.218 175(0.375) 

(0.75)(0.5) + i (0.5)(0.75) 3 

a B = 5.35 ksi 

t b = 0 (since Q B = 0) 


Ans. 

Ans. 


30' 


3 in. 


1.25 in. 



0.75 in. 


2 ^B 0.5 in. 


r 

T 7 


700 lb 



8-26. The offset link supports the loading of P = 30 kN. 
Determine its required width w if the allowable normal 
stress is cr allow = 73 MPa. The link has a thickness of 40 mm. 


cr due to axial force: 


P _ 30(10 3 ) _ 750(10 3 ) 
<Ta ~A~ (tv)(0.04) “ w 


cr due to bending: 


Me 30(10 3 )(0.05 + f)(f) 
a,J 1 n(o.04)(w) 3 

4500 (10 3 )(0.05 + f) 


w 


^"max fallow & a 


73(10 6 ) = 


750(10 3 ) 4500(10 3 )(0.05 + f) 


w w 

73 w 2 = 0.75 w + 0.225 + 2.25 w 
73 w 2 - 3 tv - 0.225 = 0 
tv = 0.0797 m = 79.7 mm 


Ans. 



50 mix 




548 















































08 Solutions 46060 5/28/10 8:34 AM Page 549 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-27. The offset link has a width of w = 200 mm and a 
thickness of 40 mm. If the allowable normal stress is 
(Taiiow = 75 MPa, determine the maximum load P that can 
be applied to the cables. 


A = 0.2(0.04) = 0.008 m 2 


/ = — (0.04)(0.2) 3 = 26.6667(10 -6 ) m 4 


P Me 
a ~ A + / 


75(10 6 ) = 


0.150 P(0.1) 
0.008 26.6667(10~ e ) 

P = 109 kN 


Ans. 



50 mm 



*8-28. The joint is subjected to a force of P = 80 lb and 
F = 0. Sketch the normal-stress distribution acting over 
section a-a if the member has a rectangular cross-sectional 
area of width 2 in. and thickness 0.5 in. 

a due to axial force: 


(T 


P_ 

A 


80 

(0.5)(2) 


80 psi 


a due to bending: 

Me 100(0.25) 


= 1200 psi 


I &2)(0.5 ) 3 

Omax)( = 80 + 1200 = 1280 psi = 1.28 ksi 
Omax)c = 1200 - 80 = 1120 psi = 1.12 ksi 


y = ( 0-5 ~ y) 

1.28 1.12 

y = 0.267 in. 


Ans. 

Ans. 




i.z ku 
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•8-29. The joint is subjected to a force of P = 200 lb and 
F = 150 lb. Determine the state of stress at points A and B 
and sketch the results on differential elements located at 
these points. The member has a rectangular cross-sectional 
area of width 0.75 in. and thickness 0.5 in. 


A = 0.5(0.75) = 0.375 in 2 

Qa = }''a a ' = 0.125(0.75)(0.25) = 0.0234375 in 3 ; Q B = 0 
/ = T (0.75)(0.5 3 ) = 0.0078125 in 4 


Normal Stress: 


(T 


N My 

a ± ~t 


200 

(Ja ~ 0.375 


+ 0 = 533 psi (T) 


200 

aB ~ 0.375 


50(0.25) 

0.0078125 


-1067 psi = 1067 psi (C) 


Shear stress: 


_ y Q 

T It 

150(0.0234375) 

Ta ~ (0.0078125)(0.75) ~ 6 °° pS1 
r B = 0 



F 




Ans. 

o.Ziui.i 



! 




Ans. 

* 




Ans. 

Ans. 
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8-30. If the 75-kg man stands in the position shown, 
determine the state of stress at point A on the cross section 
of the plank at section a-a. The center of gravity of the man 
is at G. Assume that the contact point at C is smooth. 



600 mm 


50 mm 


Support Reactions: Referring to the free-body diagram of the entire plank, Fig. a , 

C +2M 5 = 0; F c sin 30°(2.4) - 75(9.81) cos 30°(0.9) = 0 

F c = 477.88 N 

Siv = 0; B x . - 75(9.81) sin 30° - 477.88 cos 30° = 0 
B x , = 781.73 N 

= 0; By + 477.88 sin 30° - 75(9.81) cos 30° = 0 
By = 398.24 N 

Internal Loadings: Consider the equilibrium of the free-body diagram of the plank’s 
lower segment, Fig. b , 


= 0; 781.73 - N = 0 
ZFy = 0; 398.24 - V = 0 
Q+ZM 0 = 0; M - 398.24(0.6) = 0 


N = 781.73 N 
V = 398.24 N 

M = 238.94 N • m 


Section Properties: The cross-sectional area and the moment of inertia about the 
centroidal axis of the plank’s cross section are 

A = 0.6(0.05) = 0.03 m 2 
/ = T (0.6)(0.05 3 ) = 6.25(l0~ 6 )m 4 

Referring to Fig. c, Q A is 

Qa = y'A' = 0.01875(0.0125)(0.6) = 0.140625(l0~ 3 ) m 3 

Normal Stress: The normal stress is the combination of axial and bending stress. 
Thus, 

N My 
ir= A ± — 

For point A, y = 0.0125 m. Then 

-781.73 238.94(0.0125) 


&A = 


°- 03 6.25 (l0~ 6 ) 

= -503.94 kPa = 504 kPa (C) 


Ans. 


12.5 mm 

Section a-a and b - b 



h' By 


t*) 
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8-31. Determine the smallest distance d to the edge of the 
plate at which the force P can be applied so that it produces 


c 

i 

no compressive stresses in the plate at section a-a. The 
plate has a thickness of 20 mm and P acts along the 

P 

200 mm 

i 


centerline of this thickness. 

< d \ 

1 




-*-300 mm-* 

< 

a 


Consider the equilibrium of the FBD of the left cut segment in Fig. a, 

-4. = 0; N - P = 0 N = P 

Q + SM C = 0; M — P(0.1 - d) = 0 M = P(().\ - d) 

A = 0.2 (0.02) = 0.004 m 4 / = T (0.02)(0.2 3 ) = 13.3333(10~ 6 ) m 4 

The normal stress developed is the combination of axial and bending stress. Thus 

N My 
a = — ± — 

A I 

Since no compressive stress is desired, the normal stress at the top edge fiber must 
be equal to zero. Thus, 

o p ± P(0.1 - rf)(0.i) 

0.004 13.3333 (10 -6 ) 

0 = 250 P - 7500 P (0.1 - d) 

d = 0.06667 m = 66.7 mm Ans. 


(b i-cL)rn 

■ t. 

C 

\ 


p+-^L 


) 


Ca) 
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*8-32. The horizontal force of P = 80 kN acts at the end 
of the plate. The plate has a thickness of 10 mm and P acts 
along the centerline of this thickness such that d = 50 mm. 

Plot the distribution of normal stress acting along 
section a-a. 

Consider the equilibrium of the FBD of the left cut segment in Fig. a , 

-i Y.F X = 0; N — 80 = 0 N = 80 kN 

C +2M C = 0; M - 80(0.05) = 0 M = 4.00kN• m 

A = 0.01(0.2) = 0.002 m 2 7 = T (o.01)(0.2 3 ) = 6.667(10~ 6 ) m 4 

The normal stress developed is the combination of axial and bending stress. Thus, 


a 





p 

r 

200 mm 

I 


4 d J 


« ann mm 


r* iiiiii 


a 


N My 

<r = ~ ± — 
A I 


At point A, y = 0.1m. Then 

_ 80(10 3 ) 4.00(10 3 )(0.1) 

aA ~ 0.002 6.667(10 -6 ) 

= —20.0(10 6 ) Pa = 20.0 Mpa (C) 
At point B, y = 0.1 m.Then 

80(10 3 ) 4.00(10 3 )(0.1) 

(J /> = - + - 

0.002 6.667(10 -6 ) 

= 100 (10 6 ) Pa = 100 MPa (T) 


The location of neutral axis can be determined using the similar triangles. 

4 


do hL 


0'05rfl 

L 


j 

M 


J 

c 




(a) 

O'Z-dL 
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•8-33. The pliers are made from two steel parts pinned 
together at A. If a smooth bolt is held in the jaws and a 
gripping force of 10 lb is applied at the handles, determine 
the state of stress developed in the pliers at points B and C. 
Here the cross section is rectangular, having the dimensions 
shown in the figure. 


V 2 F x = 0; 

N - 10 sin 30° = 0; 

N = 5.0 lb 

A 

+ 

M 

V: 

II 

O 

V - 10 cos 30° = 0; 

V = 8.660 lb 

C+2M c = 0 

■; M - 10(3) = 0 

M = 30 lb • in. 

A = 0.2(0.4) 

= 0.08 in 2 


/ = T (0.2)(0.4 3 ) = 1.0667(10“ 3 ) in 4 



Qb = 0 

Q c = y'A' = 0.1 (0.2)(0.2) = 4(10~ 3 ) in 3 


Point B : 



My 

~r 


-5.0 30(0.2) 

0.08 1.0667(10“ 3 ) 


VQ 

TB = 77 = 0 


5.56 ksi(T) 


Point C: 

N My -5.0 

(7 C = — H-= + 0 = —62.5 psi = 62.5 psi(C) 

c A I 0.08 F F v J 

Shear Stress : 

VQ 8.660(4)(10~ 3 ) „„ . 

Tc It 1.0667(10 _3 )(0.2) PS1 


0.18 in. 10 lb 




Ans. 


Ans. 


b 


c 

S 


"H )* 0 





Ans. 


Ans. 
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8 - 34 . Solve Prob. 8-33 for points D and E. 


Q + 2M a = 0; -F( 2.5) + 4(10) = 0; F = 16 lb 

Point D: 

a D = 0 


0.18 in. 101b 



Ans. 


VQ 16(0.05)(0.1)(0.18) „„ . 

in = —— = —7- - -= 667 psi 

It [1 (0.18)(0.2) 3 ](0.18) 


Point E: 



28(0.1) 
n (0.18X0.2) 3 


23.3 ksi (T) 


Ans. 


Ans. 


T E = 0 


Ans. 




/6/t 

M ■ /£ (7* 79) - Z& /b in 
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8-35. The wide-flange beam is subjected to the loading 
shown. Determine the stress components at points A and B 
and show the results on a volume element at each of these 
points. Use the shear formula to compute the shear stress. 


I = ^(4)(7 3 ) - T (3.5)(6 3 ) = 51.33 in 4 


A = 2(0.5)(4) + 6(0.5) = 7 in 2 

Q b = 'Zy'A' = 3.25(4)(0.5) + 2(2)(0.5) = 8.5 in 3 

Qa = 0 

-Me -11500 (12)(3.5) 


<Ja 1 51.33 

ta = 0 

My 11500(12)(1) 


= -9.41 ksi 


o- B = 

1 b = 


I 51.33 

VQ b = 2625(8.5) 
7 t ~ 51.33(0.5) 


= 2.69 ksi 


= 0.869 ksi 


500 lb 


2500 lb 3000 lb 


HJ lb 

I r A T▼ 











».» .» 4* 




--4 ft-- 

-- * 6 ft--1 


2 ft 2 ft 1 2 ft 


0.5 in. 


0.5 in.- 
B / 


T 

4 in. 

I 

\l in. 


h4 in.H 


0.5 in. 


Ans. 

Ans. 

Ans. 

Ans. 







\ 



faurm 

Z'ltitcx 


r ;—, 

jxs* 
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*8-36. The drill is jammed in the wall and is subjected to 
the torque and force shown. Determine the state of stress at 
point A on the cross section of drill bit at section a-a. 


Internal Loadings: Consider the equilibrium of the free-body diagram of the drill’s 
right cut segment, Fig. a, 

4 1 ~ N = 120 N 


V y = 90N 


2F X = 0; N - 150( - ) = 0 


ZF y = 0; 150 - — V y = 0 


= 0; 20 - T = 0 


T = 20N • m 


= 0; -150 - (0.4) + 150 - (0.125) + M z = 0 


M 7 = 21N • m 


Section Properties: The cross-sectional area, the moment of inertia about the z axis, 
and the polar moment of inertia of the drill’s cross section are 

A = i7-(0.005 2 ) = 2577(l0“ 6 )m 2 
I z = ^(0.005 4 ) = 0.156257r(l0“ 9 )m 4 

] = y(0.005 4 ) = 0.31257r(l(T 9 )m 4 

Referring to Fig. b, Q A is 
Qa = 0 

Normal Stress: The normal stress is a combination of axial and bending stress. Thus, 

N M z y 
(T ~ A I z 

For point A, y = 0.005 m. Then 

-120 21(0.005) 


<?a 


25tt(10 _6 ) 0.15625tt(10 _9 ) 


= -215.43 MPa = 215 MPa (C) Ans. 
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8-36. Continued 


Shear Stress: The transverse shear stress developed at point A is 


( T xy)v 


VyQ A 

A IA 


= 0 


Ans. 


The torsional shear stress developed at point A is 

r , Tc 20(0.005) 

0«)t]a = ~r = - , = 101.86 MPa 


Thus, 


0.3125ir(l0~ 

( r xy)A = 0 
(■ t xz)a = (t«) 


= 102 MPa 


The state of stress at point A is represented on the element shown in Fig c. 


Ans. 


Ans. 



(A) 
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•8-37. The drill is jammed in the wall and is subjected to y 



= 0; —1500^(0.4) + 150^^(0.125) + M z = 0 
M z = 21 N-m 

Section Properties: The cross-sectional area, the moment of inertia about the z axis, 
and the polar moment of inertia of the drill’s cross section are 

A = tt( 0.005 2 ) = 257r(l0 -6 )m 2 
I z = ^(0.005 4 ) = 0.15625Tr(l0~ 9 )m 4 
J = ^(0.005 4 ) = 0.312577(l0~ 9 )m 4 
Referring to Fig. b, Q B is 


Qb = y'A' 


4(0.005) r 77 

377 .2 


(0.005 2 ) 


83.333(l0“ 9 )m 3 


Normal Stress: The normal stress is a combination of axial and bending stress. Thus, 
N M z y 


For point B, y = O.Then 

-120 

a B = - 7 -- - 0 = -1.528 MPa = 1.53 MPa(C) Ans. 

2577(l0- 6 ) 
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8-37. Continued 


Shear Stress: The transverse shear stress developed at point B is 


( t *A 


VyQ B 


90 


83.333(l0~ 


ht 0.15625it-( 10- 9 )(0.01) 
The torsional shear stress developed at point B is 


= 1.528 MPa 



20(0.005) 

0.3125it-(10- 9 ) 


101.86 MPa 


Ans. 


Thus, 


{jcjB - 0 




B 


= 101.86 - 1.528 = 100.33 MPa = 100 MPa 


Ans. 


Ans. 


The state of stress at point B is represented on the element shown in Fig. d. 



(a) 




Ooo5rr\ 

to 
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8-38. Since concrete can support little or no tension, this 
problem can be avoided by using wires or rods to prestress 
the concrete once it is formed. Consider the simply 
supported beam shown, which has a rectangular cross 
section of 18 in. by 12 in. If concrete has a specific weight of 
150 lb/ft 3 , determine the required tension in rod AB , which 
runs through the beam so that no tensile stress is developed 
in the concrete at its center section a-a. Neglect the size of 
the rod and any deflection of the beam. 


a 



Support Reactions: As shown on FBD. 
Internal Force and Moment: 

■i 2F X = 0; T - N = 0 N = T 
Q + SM C = 0; M + T( 7) - 900(24) = 0 
M = 21600 - IT 


Section Properties: 


A = 18(12) = 216 in 2 
/ = T(i2)(i8 3 ) = 5832 in 4 


Normal Stress: Requires a A = 0 


<ta = 0 = 



Me 

I 


-T (21600 - 1T){9) 
216 + 5832 


T = 2160 lb = 2.16 kip 


Ans. 


/fO(l9Xl)C6):ldOOIl> 



900 lb 


| 24ifl^Z4i 


M 


- 7 in 


Qoo lb 


562 


























































08 Solutions 46060 5/28/10 8:34 AM Page 563 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


8-39. Solve Prob. 8-38 if the rod has a diameter of 0.5 in. 
Use the transformed area method discussed in Sec. 6.6. 
E st = 29(10 3 ) ksi, E c = 3.60(10 3 ) ksi. 


A< 


-4 ft- 


a 

RfF 


-4 ft - 


r 

16 in. 

>B- j=2 in.— 


18 in. 


6 in. 6 in. 


Support Reactions: As shown on FBD. 


Section Properties: 


n = 


29(10 3 ) 

3.6(10 3 ) 


= 8.0556 


Axm = (n - l)A M = (8.0556 - l)^j(o.5 2 ) = 1.3854 i 

A = 18(12) + 1.3854 = 217.3854 in 2 
_ 2^4 9(18)(12) + 16(1.3854) 


y = 


= 9.04461 in. 


2,4 217.3854 

7 = T (I2)(l8 3 ) + 12(18)(9.04461 - 9) 2 + 1.3854(16 - 9.04461) 2 


12 

= 5899.45 in 4 

Internal Force and Moment: 

-4. 2F X = 0; T - N = 0 N = T 
C+2A7 o = 0; M + 7(6.9554) - 900(24) = 0 
M = 21600 - 6.95547 

Normal Stress: Requires cr A = 0 

„ N Me 
aA = 0= A + — 


0 = 


-T (21600 - 6.9554T)(8.9554) 


217.3854 


5899.45 


T = 2163.08 lb = 2.16 kip 


T 


r/flo Oik 


' *ft ^ -f/t 
9oon> goo ib 




9ooib 





Ans. 
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* 8 - 40 . Determine the state of stress at point A when 
the beam is subjected to the cable force of 4 kN. Indicate 
the result as a differential volume element. 


Support Reactions: 

C +ZM d = 0; 4(0.625) - C y (3.75) = 0 

C y = 0.6667 kN 

-4- 1,F X = 0; C x - 4 = 0 C x = 4.00 kN 

Internal Forces and Moment: 

■i 2F, = 0; 4.00 - N = 0 N = 4.00 kN 

+1 2F y = 0; V - 0.6667 = 0 V = 0.6667 kN 
C +2M 0 = 0; M - 0.6667(1) = 0 M = 0.6667 kN • m 

Section Properties: 

A = 0.24(0.15) - 0.2(0.135) = 9.00(l0“ 3 ) m 2 
7 = T( 0 .15 )(o. 24 3 ) - T (0. 135 )(0.2 3 ) = 82.8(l0“ 6 ) m 4 
Q a = Sy'A' = 0.11(0.15)(0.02) + 0.05(0.1)(0.015) 


Normal Stress: 


N My 

(T = — ± — 

A I 


4.00(10 3 ) 0.6667(10 3 )(0) 

17 A 9.00(10~ 3 ) + 82.8(10~ 6 ) 


= 0.444 MPa (T) 


Shear Stress: Applying shear formula. 
^Qa 


Ta = 


It 


0.6667(10 3 )[0.405(10“ 3 )] 

82.8(10“ 6 )(0.015) 


= 0.217 MPa 


Ans. 


Ans. 



100 mm] - 
15 mm- 


-aT 

200 mm 


I o 


150 mm 


20 mm 


4 JoJ 




T- - f 

4 

J/S/rj 

c \ 


r 






| 015*) j 


0.405(l0~ 3 ) m 3 


p 

10 01 m 

o-\m 

\ / 

9 oots^-* 


0 l*r> 

I0 02^m 


t-oizA Qb* 
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• 8 - 41 . Determine the state of stress at point B when 
the beam is subjected to the cable force of 4 kN. Indicate 
the result as a differential volume element. 


Support Reactions: 

= 0; 4(0.625) - C y (3.15) = 0 

C y = 0.6667 kN 

i 2F* = 0; C x - 4 = 0 C x = 4.00 kN 

Internal Forces and Moment: 

i S.F X = 0; 4.00 - N = 0 N = 4.00 kN 

+ = 0; V - 0.6667 = 0 V = 0.6667 kN 

c +SM„ = 0; M - 0.6667(1) = 0 M = 0.6667 kN • m 

Section Properties: 

A = 0.24(0.15) - 0.2(0.135) = 9.00(l0~ 3 ) m 2 
7 = T( 0 .i 5)( 0 .24 3 ) - T ( o.i35)(o.2 3 ) = 82.8(l0- 6 )m 
Qb = 0 

Normal Stress: 

N My 
a= A ± ~ 

4.00(10 3 ) 0.6667(10 3 )(0.12) 

aB ~ 9.00(10“ 3 ) 82.8(10~ 6 ) 

= -0.522 MPa = 0.522 MPa (C) 

Shear Stress: Since Q B = 0, then 



20 mm 


100 mm 



150 mm 


20 mm 


4 M 



H 


V 



0 * 6 * 7 */ 


0 - 15*1 j 



Ans. 






r B = 0 


Ans. 
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8 - 42 . The bar has a diameter of 80 mm. Determine the 
stress components that act at point A and show the results 
on a volume element located at this point. 


Consider the equilibrium of the FBD of bar’s left cut segment shown in Fig. a, 


ZF y = 0 ; 


= 0 ; 

= 0 ; 

2M 7 = 0; 


V v - 5 - = 0 V v = 3 kN 


V 7 + 5(-)=0 V 7 = -4 kN 


M + 5 - (0.3) = 0 M y = -1.2 kN • m 


M z + 5 ( - )(0.3) = 0 M z = -0.9 kN • m 


Iy = I, = 1 (0.04 4 ) = 0.64(10”V m 4 


Referring to Fig. b, 



0 Qy)A = 0 


4(0.04) 

(24. = = - V 


(0.04 2 ) 


= 42.67(10“ 6 ) m 3 


The normal stress is contributed by bending stress only. Thus, 

M z y M y z 


For point A, y = —0.04 m and z = 0. Then 
—0.9(10 3 )(—0.04) 


0.64(10~V 


+ 0 = —17.90(10 f ’)Pa = 17.9 MPa (C) 


Ans. 


The transverse shear stress developed at point A is 


Vz(Qz)a 4(10 3 )[42.67(1Q- 6 )] 

I y t 0.64(10~V (0.08) 

= 1.061(10 6 ) Pa = 1.06 MPa 


Ans. 


Ans. 


The state of stress for point A can be represented by the volume element shown in 
Fig. c, 
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8-42. Continued 
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8 - 43 . The bar has a diameter of 80 mm. Determine the 
stress components that act at point B and show the results 
on a volume element located at this point. 


Consider the equilibrium of the FBD of bar’s left cut segment shown in Fig. a , 


ZF= 0; Vy 51 ~ ] — 0 U y = 3 kN 


*F Z = 0; V z + 5( - ) = 0 = -4 kN 



= 0; M y + 5( - )(0.3) = 0 M y = -1.2 kN • m 
= 0; M z + 5( | )(0.3) = 0 M z = -0.9 kN • m 


I y = I z = 1 (0.04 4 ) = 0.64(10 _6 ) 7T m 4 


Referring to Fig. b, 

{Q y ) B = y'A' = 
{Qz)b = o 


4(0.04) 


Mr 


y(0.04 2 ) = 42.67(10“ 6 ) m 3 


The normal stress is contributed by bending stress only. Thus, 

M z y M y z 

a = ~ + ~F 

For point B, y = 0 and z = 0.04 m. Then 

n , —1.2(10 3 )(0.04) 

cr = — 0 H- t- 

0.64(10^ 6 )t7 

= -23.87(10 6 ) Pa = 23.9 MPa (C) 

The transverse shear stress developed at point B is 

, . Vy(Qyh 3(10 3 )[42.67(1Q- 6 )] 

T "' ,J I z t 0.64(10 ~ 6 )tt (0.08) 

= 0.7958(10 6 ) MPa = 0.796 MPa 


Ans. 


Ans. 
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8-43. Continued 



VAQzh 

Iyt 


= o 


Ans. 


The state of stress for point B can be represented by the volume element shown in 
Fig- c 



(c) 
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*8-44. Determine the normal stress developed at points 
A and B. Neglect the weight of the block. 

Referring to Fig. a , 

ZF x = (F r ) x ; -6-12 = F F = —18.0 kip 
ZM y = (M R ) y ; 6(1.5) - 12(1.5) = M y M y = -9.00 kip-in 
= (M r ) z \ 12(3) - 6(3) = M z M z = 18.0 kip • in 

The cross-sectional area and moment of inertia about the y and z axes of the cross- 
section are 



A = 6(3) = 18 in 2 


/, = l (6 )(3) 3 = 13.5in 4 


l = ^(3)(6 3 ) = 54.0in 4 

The normal stress developed is the combination of axial and bending stress. Thus, 

F M z y M y z 

a = A-^ + ^r 

For point A, y = 3 in. and z = -1.5 in. 

_ -18.0 18.0(3) —9.00(—1.5) 

aA ~ 18.0 54.0 + 13.5 

= -1.00 ksi = 1.00ksi(C) 

For point B,y = 3 in and z = 1.5 in. 

-18.0 18.0(3) -9.00(1.5) 


o~b = 


18.0 54 13.5 

= -3.00 ksi = 3.00 ksi (C) 


Ans. 


% 



H 

x 
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•8-45. Sketch the normal stress distribution acting over the 
cross section at section a-a. Neglect the weight of the block. 


Referring to Fig. a , 

ZF x = (F r ) x -, -6-12 = F F = -18.0 kip 

= (M R ) y ; 6(1.5) — 12(1.5) = M y = -9.00 kip • in 

= (M r ) z ; 12(3) - 6(3) = M z M z = 18.0 kip • in 

The cross-sectional area and the moment of inertia about the y and z axes of the 
cross-section are 

A = 3 (6) = 18.0 in 2 
l, = ^(6)(3 3 ) = 13.5in 4 
h = ^(3)(6 3 ) = 54.0 in 4 

The normal stress developed is the combination of axial and bending stress. Thus, 

M y Z 

18.0(3) —9.00(—1.5) 

54.0 + 13.5 

= -1.00 ksi = 1.00ksi(C) 


M z y 


A F 


For point A, y = 3 in. and z = -1.5 in. 

-18.0 


<ta = 


18.0 



For point B,y = 3 in. and z = 


<r B = 


1.5 in. 

-18.0 18.0(3) -9.00(1.5) 

18.0 54.0 + 13.5 

-3.00 ksi = 3.00 ksi (C) 
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8-45. Continued 


For point C,y = -3 in. and z = 1.5 in. 


_ -18.0 18.0(—3) -9.00(1.5) 

18.0 54.0 + 13.5 

= -1.00 ksi = 1.00 ksi (C) 


For point D,y = -3 in. and z = —1.5 in. 

_ -18.0 18.0(—3) —9.00(—1.5) 

a ° ~ 18.0 54.0 + 13.5 

= 1.00 ksi (T) 

The normal stress distribution over the cross-section is shown in Fig. b 


% 
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8-46. The support is subjected to the compressive load P. 
Determine the absolute maximum and minimum normal 
stress acting in the material. 


Section Properties: 

w = a + x 
A = a(a + x ) 

7 = E ( fl ) ( a + x ^ 3 = E ^ + x ^ 

Internal Forces and Moment: As shown on FBD. 
Normal Stress: 


P 



N Me 
a ~ A ± I 


-P 0.5 Px[\(a + x)] 


a(a + x) + x ) 


-1 


3x 


a + x (a + x) 2 


O-A 


O-B = 


1 3x 

+ 


a + x {a + x) 2 


-1 


4 x + a 
(a + xf 
3x 


a + x (a + x) 2 
2 x — a 


(i a + x) 2 


da a 


In order to have maximum normal stress, ^ = 0. 

ax 


da a 
dx 


(a + x) 2 (4) — (4x + a)(2)(a + x)(l) 
(a + x) 4 _ 

P 

- 3 (2a - Ax) = 0 


= 0 


Since 


a(a + xf 


a(a + x) 
^ 0, then 

2a - Ax = 0 


x = 0.500a 


[ 1 ] 


[ 2 ] 
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8-46. Continued 


Substituting the result into Eq. [1] yields 


_ P 


4(0.500;*) +a 
a |_ (a + 0 .5a) 2 

1.33 P 1.33 P 


(C) 


da $ 

In order to have minimum normal stress, —— = 0. 

dx 


da B _ P 
dx a 


(<a + x) 2 (2) - (2x - a)(2)(a + x)(l) 
(a + x) A 


= 0 


Since 


a(a + x) 3 


a(a + x) 3 
^ 0, then 

4a - 2x = 0 


(4 a - 2x) = 0 


x = 2 a 


Ans. 


Substituting the result into Eq. [2] yields 


P 2(2 a) - a 
a (a + 2a) 2 




A 


+\T-o-*x 


Ans. 
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8-47. The support is subjected to the compressive load P. 
Determine the maximum and minimum normal stress acting 
in the material. All horizontal cross sections are circular. 

Section Properties: 

d' = 2r + x 
A = 7 r(r + 0.5x) 2 

I = v (r + 0.5x ) 4 
4 

Internal Force and Moment: As shown on FBD. 

Normal Stress: 



N Me 
a ~ A ± ~T 


-P 


0 .5Px(r + 0.5x) 


t(v + 0.5x ) 2 f (r + 0.5 ) 4 


-1 


2x 


(r + 0.5x ) 2 (r + 0.5x ) 3 


<?a = 


1 


2x 


<r B = 


(r + 0.5x) 2 (r + 0.5x) 3 

r + 2.5x 
(r + 0.5x) 3 

-1 2x 


(r + 0.5x ) 2 (r + 0.5x ) 3 

1.5x - r 
(r + 0.5x ) 3 


[ 1 ] 


[ 2 ] 


In order to have maximum normal stress, 


dcr A 

dx 


= 0 . 


da A _ P[(r + 0.5x) 3 (2.5) - (r + 2.5x)(3 )(r + 0.5x) 2 (0.5) 

dx 77 1_ (r + 0.5x) 6 


P 

Tr(r + 0.5x ) 4 


(r 


2.5x) = 0 


Since 


P 

7 r(r + 0.5x ) 4 


^ 0 , then 


r - 2.5x = 0 x = 0.400r 


Substituting the result into Eq. [1] yields 


P r + 2.5(0.400r) 
77[[r + 0.5(0.400r)] 3 

0.368P _ 0.368P 

,2 _ 2 


Ans. 
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8-47. Continued 


In order to have minimum normal stress, 


da B 
dx 


= 0 . 


da B P (r + 0.5x) 3 (1.5) - (1.5x - r)(3)(r + 0.5x) 2 (0.5) 
dx tt[_ (r + 0.5x) 6 


P 

7r(r + 0.5x) 4 


(3r - 1.5x) = 0 


Since 


P 

7r(r + 0.5x) 4 


^ 0, then 


3r - 1.5x = 0 


x = 2.00r 


Substituting the result into Eq. [2] yields 


P 1.5(2.00r) - r 
7r[_[r + 0.5(2.00r)] 3 


0.0796E , x 

—3—00 


Ans. 



*8-48. The post has a circular cross section of radius c. 
Determine the maximum radius e at which the load can be 
applied so that no part of the post experiences a tensile 
stress. Neglect the weight of the post. 


Require a A = 0 



P 
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• 8 - 49 . If the baby has a mass of 5 kg and his center of 
mass is at G, determine the normal stress at points A and B 
on the cross section of the rod at section a-a. There are two 
rods, one on each side of the cradle. 




Section a-a 


Section Properties: The location of the neutral surface from the center of 
curvature of the rod, Fig. a, can be determined from 


R = 


A 



dA 

r 


where A = 7 t( 0.006 2 ) = 367r(l0 6 ) m 2 

X I = 2tt( r - VP - c 2 J = 277 ( 0 . 08 ! - Vo.081 2 - 0.006 2 j = 1.398184(l0“ 3 )r 






/e 


A 'z&odljn 



Thus, 


Then 


36t7(10“ 6 ) 

R =- , , = 0.080889 m 

1.398184(l0~ 3 ) 


e = r - R = 0.081 - 0.080889 = 0.111264(l0“ 3 ) m 


Internal Loadings: Consider the equilibrium of the free-body diagram of the 
cradle’s upper segment, Fig. b, 


+1 l,F y = 0; -5(9.81) - 2N = 0 N = -24.525 N 

C + 2M 0 = 0; 5(9.81)(0.5+ 0.080889) - 2M = 0 M = 14.2463 N • m 


Normal Stress: The normal stress is the combination of axial and bending stress. 
Thus, 


N M(R - r ) 
A Aer 



5(H0 



Here, M = -14.1747 (negative) since it tends to increase the curvature of the 
rod. For point A, r = r A = 0.075 m. Then, 

-24.525 -14.2463(0.080889 - 0.075) 

° A 36tt(10“ 6 ) 36t7(10“ 6 )(0.111264)(10“ 3 )(0.075) 

= -89.1 MPa = 89.1 MPa (C) Ans. 


For point B,r = r B = 0.087 m.Then, 

-24.525 -14.2463(0.080889 - 0.087) 

(T>I 367t(10 -6 ) 36t7(10“ 6 )(0.U1264)(10“ 3 )(0.087) 

= 79.3 kPa (T) 


L 


dA 5 

-= 0.25 In — = 0.055786 

a r 4 


Ans. 
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8 - 50 . The C-clamp applies a compressive stress on the 
cylindrical block of 80 psi. Determine the maximum normal 
stress developed in the clamp. 



R = 

P = 
M = 


A 

fdA 
J r 


1(0.25) 


= 4.48142 


0.055786 
a b A = 80ir (0.375) 2 = 35.34291b 
35.3429(8.98142) = 317.4205 lb • in. 


M(R - r) P 
MT - R ) + A 


(^"/)max 


(^"c)max 


317.4205(4.48142 - 4) 35.3429 

(1)(0.25)(4)(4.5 - 4.48142) + (1)(0.25) 


= 8.37 ksi 


317.4205(4.48142 - 5) 35.3429 


1(0.25)(5)(4.5 - 4.48142) (1)(0.25) 


= -6.95 ksi 


Ans. 
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8 - 51 . A post having the dimensions shown is subjected to 
the bearing load P. Specify the region to which this load can 
be applied without causing tensile stress to be developed at 
points A, B, C, and D. 


Equivalent Force System: As shown on FBD. 
Section Properties: 


A = 2a(2a) + 2 


1 (2 a)a 


= 6 a 2 


/ z - — (2«)(2a) 3 + 2 

= 5 a 4 


ly = ^(2«)(2a) 3 + 2 


5 4 
= —a 


T (2a)a 3 + 1(2 a)a(a + ^ 


T (2a) a 3 + 1 (2a) aA 


Normal Stress: 


N 


M z y MyZ 


-P Pe y y Pe z z 
6 a 2 5 a 4 la 4 


= 30? _ 6e '’ y + 18e A 


At point A where y = -a and z = a, we require cr A < 0. 


p 

0 >-t| - 5a 2 - 6(—a ) e y + 18(a) e z 

30 a L 


When 

= 0, 

e y < 

When 

e y = 0, 

e z < 



Ans. 


0 > —5a+6e y + 18e z 

6e y + 18e z < 5a 
5 

6" 

5 

18 a 

Repeat the same procedures for point B, C and D. The region where P can be 
applied without creating tensile stress at points A,B,C and D is shown shaded in the 
diagram. 
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*8-52. The hook is used to lift the force of 600 lb. 
Determine the maximum tensile and compressive stresses 
at section a-a. The cross section is circular and has a 
diameter of 1 in. Use the curved-beam formula to compute 
the bending stress. 


Section Properties: 

f = 1.5 + 0.5 = 2.00 in. 


[f- 2 „( f -V^7) 

= 2i7(2.00 - V2.00 2 - 0.5 2 ) 
= 0.399035 in. 


A = ir(0.5 2 ) = 0.25ir ir 


R = 


0.2577 


r A dA 0.399035 

JA r 


= 1.968246 in. 


R = 2 - 1.968246 = 0.031754 in. 


Internal Force and Moment: As shown on FBD. The internal moment must be 
computed about the neutral axis. M = 1180.95 lb-in. is positive since it tends to 
increase the beam’s radius of curvature. 


Normal Stress: Applying the curved-beam formula. 
For tensile stress 


300 lb 300 lb 






n m(r - n) 

a ' )nm A Ar, (r - R) 

600 1180.95(1.968246 - 1.5) 

~~ 0.2577 + 0.25i7(1.5)(0.031754) 

= 15546 psi = 15.5 ksi (T) Ans. 

For compressive stress, 

_ N M(R - r 2 ) 

l^clmax A + ^ _ R) 

600 1180.95(1.968246 - 2.5) 

“ 0.25i7 + 0.25i7(2.5)(0.031754) 

= -9308 psi = 9.31 ksi (C) Ans. 
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• 8 - 53 . The masonry pier is subjected to the 800-kN load. 
Determine the equation of the line y = f(x) along which 
the load can be placed without causing a tensile stress in the 
pier. Neglect the weight of the pier. 


800 kN 



A = 3(4.5) = 13.5 m 2 
^ = ^(3)(4.5 3 ) = 22.78125 m 4 

Iy = h (4-5 ) (3 3 ) = 10.125 m 4 

Normal Stress: Require a A = 0 
P M x y M y x 

aA = A + ~i 7 + TT 

_ -800(10 3 ) 800(10 3 );y(2.25) 800(10 3 )x(1.5) 

° “ lU + 22.78125 + 10.125 

0 = 0.148x + 0.0988y - 0.0741 

y = 0.75 - 1.5 x Ans. 


i 



k" 

OOo M 












M 


1 



/ 


A 


i 


p * 




w ^ 

1 

A 
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8 - 54 . The masonry pier is subjected to the 800-kN load. If 
x = 0.25 m and y = 0.5 m, determine the normal stress at 
each corner A, B, C, D (not shown) and plot the stress 
distribution over the cross section. Neglect the weight of 
the pier. 

A = 3(4.5) = 13.5 m 2 

/< = ^ (3)(4.5 3 ) = 22.78125 m 4 

I y = ^(4.5)(3 3 ) = 10.125 m 4 


P M x y M y x 

<J = — H---1--— 


<TA 


-800(10 3 ) 400(10 3 )(2.25) 


13.5 
= 9.88 kPa (T) 


22.78125 


_ -800(10 3 ) 400(10 3 )(2.25) 

<Jb ~ 115 + 22.78125 

= -49.4 kPa = 49.4 kPa (C) 


200(10 3 )(1.5) 

10.125 


200(10 3 )(1.5) 

10.125 


o’c 


<?D = 


_ —800(10 3 ) 400(10 3 )(2.25) 200(10 3 )(1.5) 

13.5 22.78125 + 10.125 

= -128 kPa = 128 kPa (C) 

—800(10 3 ) 400(10 3 )(2.25) 


13.5 22.78125 

= -69.1 kPa = 69.1 kPa (C) 


200(10 3 )(1.5) 

10125 


800 kN 



Ans. 


Ans. 


Ans. 


Ans. 




— 

(•—^ 




~6*o 

T**r 









ii 
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8-55. The bar has a diameter of 40 mm. If it is subjected to 
the two force components at its end as shown, determine 
the state of stress at point A and show the results on a 
differential volume element located at this point. 


Internal Forces and Moment: 


2F, = 0; 

N x 

= 0 



M 

II 

o 

v y 

+ 300 = 0 


= -300 N 

o 

II 

H 

v z 

- 500 = 0 


= 500 N 

ZM X = 0 

T x 

= 0 



= 0 

i; M } 

, - 500(0.15) 

= 0 

M y = 75.0 N • m 

= 0 

; m 2 

: - 300(0.15) 

= 0 

M z = 45.0 N • m 


Section Properties: 

A = ir(0.02 2 ) = 0.400(lCT 3 ) 77 m 2 

I x = Iy = J (0.02 4 ) = 40.0(l0 -9 ) 17 m 4 
J = y (0.02 4 ) = 80.0(l0“ 9 ) it m 4 


(Qa) z = 0 


(QA 


4(0.02) 

377 



5.333(l0“ 6 ) m 3 


Normal Stress: 

N M z y M y z 
a ~ A ~ ~7T + ~7/~ 

45.0(0) 75.0(0.02) 

<Ja ~ ~ 40.0(10“ 9 )i7 + 40.0(10“ 9 )i7 

= 11.9 MPa (T) 






Ans. 


Shear Stress: The tranverse shear stress in the z and y directions can be obtained 

VQ 

using the shear formula, r v = —j—. 

300[5.333(10~ 6 )] 

(jxy) A ~ ~T Vy ~ _ 4 00 ( 10 -9)^. (0.04) 

= -0.318 MPa Ans. 


(txz)a = t Vz = 0 


Ans. 
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*8-56. Solve Prob. 8-55 for point B. 


Internal Forces and Moment: 


M 

X 

II 

O 

55 

5 -! 

II 

o 


M 

II 

o 

Vy + 300 = 0 Vy 

= -300 N 

M 

II 

o 

o 

II 

o 

o 

in 

1 

= 500 N 

= 0; 

5 -! 

II 

o 


= 0; 

My - 500(0.15) = 0 

M y = 75.0 N-m 

= 0; 

M z - 300(0.15) = 0 

M z = 45.0 N-m 

Section Properties: 




A = tt(o. 02 2 ) = 0.400(lCT 3 ) 77 m 2 
I x = I y = j (o.02 4 ) = 40.0(l0 -9 ) 77 m 4 

J = y (0.02 4 ) = 80.0(l0“ 9 ) 77 m 4 


(Q B )y = 0 


( Qb)z 


4(0.02) 

377 



5.333(l0 -6 ) m 3 


Normal Strees: 


N M z y M y z 

45.0(0.02) 75.0(0) 

~~ 40.0(10“ 9 ) 77 + 40.0(10“ 9 ) 77 

= -7.16 MPa = 7.16 MPa (C) 



(£ 4 * 0 */ 



Ans. 


Shear Stress: The tranverse shear stress in the z and y directions can be obtained 

VQ 

using the shear formula, t v = —j—. 

500[5.333(10 6 )] 

( Txz) B ~ Tv ‘ _ 40.0(10~ 9 ) 77 (0.04) 

= 0.531 MPa Ans. 


( Jxy)B = T Vy = 0 


Ans. 
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•8-57. The 2-in.-diameter rod is subjected to the loads 
shown. Determine the state of stress at point A, and show the 
results on a differential element located at this point. 


Consider the equilibrium of the FBD of the right cut segment, Fig. a , 

2F y = 0 ; N y + 800 = 0 N y = -800 lb 
ZF z = 0 ; V z + 600 = 0 V z = -600 lb 

ZF X = 0 ; V x - 500 = 0 U x = 500 lb 

ZM y = 0 ; T y - 600(12) = 0 T y = 7200 lb • in 

= 0 ; M z + 800(12) + 500(8) = 0 M z = -13600 lb • in 

EM, = 0 ; M x + 600(8) = 0 M x = -4800 lb • in 


T T /i 4 \ • 4 

4 =/, = -(!) =-in 


t 77 /i 4 \ 77 • 4 

/ = 2 (1)= 2 m 


A = 7r(l 2 ) = 77 in 2 


Referring to Fig. b , 


4(1) 

(Qx)a = 0 (G z )a = y'A' = 


5 < lJ > 


= 0.6667 in 3 


The normal stress is contributed by axial and bending stress. Thus, 

N M x z M z x 
a ~ A + I~ I 7 


For point A, z = 0 and x = 1 in. 

800 4800(0) -13600(1) 


t/4 


t/4 



= 17.57(10 3 ) psi = 17.6 ksi (T) 

The torsional shear stress developed at point A is 
7200(1) 


Ans. 


( t vz)t 


TyC 


77/2 


= 4.584(10 3 ) psi = 4.584 ksi I 


The transverse shear stress developed at point A is. 
V z (Q z ) a 600(0.6667) 


( T yz)y 


Ft 


> 


= 254.64 psi = 0.2546 ksi I 


i T xy)y 


V x(Qx)a 500(0) 


A 


= 0 


( 2 ) 
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8-57. Continued 

Combining these two shear stress components, 

T yz ~ ( T yz)r "b ( T yz)y 

= 4.584 + 0.2546 

= 4.838 ksi = 4.84 ksi Ans. 

r xy = 0 Ans. 

The state of stress of point A can be represented by the volume element shown in 
Fig. c. 
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8-58. The 2-in.-diameter rod is subjected to the loads 
shown. Determine the state of stress at point B , and show 
the results on a differential element located at this point. 


Consider the equilibrium of the FBD of the right cut segment, Fig. a , 


M 

'n 

II 

O 

N y + 800 = 0 

N y = -8001b 

O 

II 

tC 

H 

V z + 600 = 0 

V z = -600 lb 

M 

X 

II 

0 

U x - 500 = 0 

= 500 lb 

ZM y = 0; 

T y - 600(12) = 

0 T y = 7200 lb • in 

= 0; 

M z + 800(12) + 500(8) = 0 M z = -136001b 

= 0; 

M x + 600(8) = 

0 M x = -4800 lb • in. 



The cross-sectional area the moment of inertia about x and Z axes and polar 
moment of inertia of the rod are 


A = 77(15 = 77 in 2 f x = I z = ;(1 4 ) = ^in 4 J = | (l 4 ) = ^-in 4 


Referring to Fig. b, 


4(1) 

<Q z )b = 0 (Q x ) b = z'A' = 


f(© 


= 0.6667 in 4 


The normal stress is contributed by axial and bending stress. Thus, 

N M x z M z x 

cr = -1- 

A I x I 7 


For point B,x = 0 and z = 1 in. 

800 4800 (1) 13600 (0) 

(T =- — + -—- 

77 77/4 77/4 

= 5.86 ksi (C) 

The torsional shear stress developed at point B is 
7200(1) 


( T xv)r - 


TyC 


77/2 


= 4.584(10 J ) psi = 4.584 ksi 


The transverse shear stress developed at point B is. 


(j xy)v 


(7yz)v 


V x (Qx)b 500 (0.6667) 


U 




= 212.21 psi = 0.2122 ksi 


V z (Q z ) b 600 (0) 


I yt 


= 0 


( 2 ) 
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8-58. Continued 

Combining these two shear stress components, 

^xy ~ (Txy)r (jxy)v 

= 4.584 + 0.2122 

= 4.796 ksi = 4.80 ksi Ans. 

r yz = 0 Ans. 

The state of stress of point B can be represented by the volume element shown in 
Fig. c. 



(a; 



(b) 
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8-59. If P = 60 kN, determine the maximum normal 
stress developed on the cross section of the column. 


Equivalent Force System: Referring to Fig. a, 

+ TSA=( F A; -60 — 120 = —F F = 180 kN 

= (M R ) y \ -60(0.075) = -M y M y = 4.5kN • m 

ZM z = (M r ) z ; —120(0.25) = —M z M z = 30kN-m 

Section Properties: The cross-sectional area and the moment of inertia about the y 
and z axes of the cross section are 


A = 0.2(0.3) - 0.185(0.27) = 0.01005 m 2 

I z = T(0.2)(0.3 3 ) - T(0.185)(0.27 3 ) = 0.14655(l0~ 3 ) m 4 

X(0.015)(0.2 3 ) + T(0.27)(0.015 3 ) = 20.0759(l0 _6 )m 4 


Iy = 2 


12 


2P 



Normal Stress: The normal stress is the combination of axial and bending stress. 
Here, F is negative since it is a compressive force. Also, and M z are negative 
since they are directed towards the negative sense of their respective axes. By 
inspection, point A is subjected to a maximum normal stress. Thus, 
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*8-60. Determine the maximum allowable force P, if the 
column is made from material having an allowable normal 
stress of cr allow = 100 MPa. 

Equivalent Force System: Referring to Fig. a , 

+ |2F r = (F r ) x - —P — 2P = —F 


F = 3P 

^M y = ( M R ) y ; -P(0.075) = -M y 

M y = 0.075 P 

= (M r ) z \ -27X0.25) = -M z 

M z = 0.5P 


2P 



Section Properties: The cross-sectional area and the moment of inertia about the y 
and z axes of the cross section are 


A = 0.2(0.3) - 0.185(0.27) = 0.01005 m 2 


I z = T(o.2)(o.3 3 ) - T( 0 .185)(o. 27 3 ) = 0.14655(l0 


3 m 4 


ly = 2 


12 ' v ' 12 
T (0.15)(o.2 3 ) + T (0.27)(0.015 3 ) = 20.0759(l0^ 6 ) m 4 


12 


Normal Stress: The normal stress is the combination of axial and bending stress. 
Here, F is negative since it is a compressive force. Also, and are negative 
since they are directed towards the negative sense of their respective axes. By 
inspection, point A is subjected to a maximum normal stress, which is in 
compression. Thus, 


N_ 

A 


M-y | MyZ 


-ioo(io 6 ) = 


3 P 


(-0.5P)(-0.15) —0.075P(0.1) 


0.01005 0.14655(l0“ 3 ) 20.0759(l0“ 

p = 84470.40 N = 84.5 kN 
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•8-61. The beveled gear is subjected to the loads shown. 
Determine the stress components acting on the shaft at 
point A, and show the results on a volume element located 
at this point. The shaft has a diameter of 1 in. and is fixed to 
the wall at C. 


M 

* 

II 

o 

U x - 125 = 0 

; 

= 125 lb 

M 

II 

o 

75 - N y = 0; 

Ny 

= 75 lb 

M 

II 

o 

o 

II 

o 

o 

<N 

1 

; 

= 200 lb 

2M* = 0; 

200(8) - M x 

= 0; 

M x = 1600 lb • in. 

= 0; 

200(3) - T y ■■ 

= 0; 

T y = 600 lb • in. 

= 0; 

M z + 75(3) - 

- 125(8) 

II 

o 

ii 

-u 

LA 

A = tt(0.5 2 ) 

= 0.7854 in 2 




J = j (0.5 4 ) = 0.098175 in 4 


/ = / (0.5 4 ) = 0.049087 in 4 
4 

(GA = o 


(Qa) z 


^3? (j)«K 0 - 52 ) = °- 08333 in3 


(va)v 


N y M x c 
— + —— 

A I 


75 1600(0.5) 

0.7854 + 0.049087 


= 16202 psi = 16.2 ksi (T) 


i^A^yx /\) V (^"a) twist 

VAQa) z TyC 
It J 


125(0.08333) 600(0.5) 

0.049087 (1) ~~ 0.098175 


= -2843 psi = -2.84 ksi 


(' T A) yz 


VziOAh 

It 



Ans. 


Ans. 

Ans. 
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8-62. The beveled gear is subjected to the loads shown. 
Determine the stress components acting on the shaft at 
point B , and show the results on a volume element located 
at this point. The shaft has a diameter of 1 in. and is fixed to 
the wall at C. 


M 

II 

o 

V x - 125 = 0; 

v x 

= 125 lb 

M 

II 

o 

75 - Ny = 0; 

Ny 

= 75 lb 

M 

II 

o 

V z - 200 = 0; 

v z 

= 200 lb 

2M, = 0; 

200(8) - M x = 

= 0 ; 

M x = 1600 lb • in. 

= 0 ; 

200(3) -T y = 

0; 

T y = 600 lb-in. 

= 0 ; 

M z + 75(3) - 

125(8) 

II 

o 

II 

-j 

Ln 

A = tt(0.5 2 ) 

= 0.7854 in 2 




J = y (0.5 4 ) = 0.098175 in 4 


/ = v (0.5 4 ) = 0.049087 in 4 
4 

(Qb)z = 0 


( Qb)x 


( j )^ 0 - 52 ) = °- 08333 in3 




Ny M, c 
—- + —^ 

A 1 


75 775(0.5) 

0.7854 + 0.049087 


= 7.80 ksi (T) 

( T B)yz ~ ( T b)v + (Tfi)twist 

= V z (Q b ) x T y c 
It + J 


200(0.08333) 600(0.5) 

0.049087 (1) + 0.098175 


= 3395 psi = 3.40 ksi 


( T B)yx 


Vx(Qb)z 

It 



Ans. 


Ans. 

Ans. 
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8-63. The uniform sign has a weight of 1500 lb and 
is supported by the pipe AB , which has an inner radius of 
2.75 in. and an outer radius of 3.00 in. If the face of the sign 
is subjected to a uniform wind pressure of p = 150 lb/ft 2 , 
determine the state of stress at points C and D. Show the 
results on a differential volume element located at each of 
these points. Neglect the thickness of the sign, and assume 
that it is supported along the outside edge of the pipe. 




150 lb/ft 2 


Section Properties: 

A = n(3 2 - 2.75 2 ) = 1.4375tt in 2 

I y = I z = j (3 4 - 2.75 4 ) = 18.6992 in 4 


(Qch = ( Qo) y = 0 


( Qc)y ~ ( Qd)z ~ 


4(3) 

377 


^)( 3 2 ) 


= 4.13542 in 3 


4(2.75) 

377 


2 (^)( 2 . 75 2 ) 


/ = y (3 4 - 2.75 4 ) = 37.3984 in 4 

Normal Stress: 

N M z y M y z 
a ~ A ~ I, + ly 

-1,50 _ (-64.8)(12)(0) 9.00(12)(2.75) 

(Jc ~ 1.4375i7 18.6992 + 18.6992 

= 15.6 ksi (T) 

-1.50 (—64.8)(12)(3) 9.00(12)(0) 

a ° ~ 1.4375i7 18.6992 + 18.6992 

= 124 ksi (T) 


Ans. 


Ans. 


Shear Stress: The tranverse shear stress in the z and y directions and the torsional 

shear stress can be obtained using the shear formula and the torsion formula, 
VQ Tp 

r v = —j~ and r twist = —j~, respectively. 


(' t xz)d 


64.8(12)(3) 

37.3984 


62.4 ksi 


Ans. 


(jxy) D = T Vy = 0 


Ans. 
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8-63. Continued 


(jxy)c T V y T twist 

10.8(4.13542) 64.8(12)(2.75) 

“ 18.6992(2)(0.25) 37.3984 

= -52.4 ksi 

( Txz)c = r Vz = 0 

Internal Forces and Moments: As shown on FBD. 


o 

II 

H 

fen 

H 

1.50 + N x = 0 

N x = 

-15.0 kip 

M 

V: 

II 

O 

V y - 10.8 = 0 

V y = 

10.8 kip 

O 

II 

H 

II 

o 



= 0; 

T x - 10.8(6) = 0 

T x = 

64.8 kip • ft 

ZM y = 0; 

M y - 1.50(6) = 0 

My = 

9.00 kip • ft 

= 0; 

10.8(6) + M z = 0 

M z = 

-64.8 kip • ft 



X 


Ans. 

Ans. 
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*8-64. Solve Prob. 8-63 for points E and E 


Internal Forces and Moments: As shown on FBD. 


M 

5 -! 

II 

o 

1.50 + N x = 0 

N x = 

M 

V 

II 

O 

Vy - 10.8 = 0 

V y = 

M 

II 

o 

o 

II 


= 0; 

T x - 10.8(6) = 0 

T x 

2 M y = 0; 

M y - 1.50(6) = 0 

My 

= 0; 

10.8(6) + M z = 0 

M z 


Section Properties: 

A = it(3 2 - 2.75 2 ) = 1.437577 in 2 

I y = I z = ^(3 4 - 2.75 4 ) = 18.6992 in 4 


(Qc)z - (Qd)v - 0 


(Gc), = (Qd)z = 


4(3) 

377 




4(2.75) 


377 


(tt)(2.75 2 ) 


= 4.13542 in 3 

/ = y (3 4 - 2.75 4 ) = 37.3984 ir 


Normal Stress: 

N M z y M y z 


A I z 
-1.50 


(—64.8)(12)(0) 9.00(12)(-3) 

ap ~ 1.437577 18.6992 + 18.6992 

= -17.7 ksi = 17.7 ksi (C) 

-1.50 (—64.8)(12)(—3) 9.00(12)(0) 


a E = 


1.437577 18.6992 

= -125 ksi = 125 ksi (C) 


18.6992 



150 lb/ft 2 


Ans. 


Ans. 
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8-64. Continued 

Shear Stress: The tranverse shear stress in the z and y directions and the torsional 

shear stress can be obtained using the shear formula and the torsion formula, 
VQ Tp 

r v = —j— and t twist = —, respectively. 



64.8(12)(3) 

37.3984 


= -62.4 ksi 


Ans. 


(jxy)E ~ T V y ~ 0 
( T xy)p = r V y + T twist 


Ans. 


18.6992(2)(0.25) + 37.3984 


10.8(4.13542) 64.8(12)(3) 


= 67.2 ksi 


Ans. 


(r X y) F = T Vy = 0 


Ans. 



X 



.l-t9 ;n. 



0g 
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•8-65. Determine the state of stress at point A on the 
cross section of the pipe at section a-a. 



Internal Loadings: Referring to the free - body diagram of the pipe’s right segment, 
Fig. a, 


'ZFy = 0; V y - 50 sin 60° = 0 
= 0; V z - 50 cos 60° = 0 
= 0; T + 50sin60°(12) = 0 
^M y = 0 ; My - 50 cos 60°(10) = 0 
= 0; M z + 50 sin 60° (10) = 0 


V y = 43.30 lb 
V z = 25 lb 
T = -519.62 lb-in 
M y = 250 lb • in 
M z = -433.01 lb • in 


Section Properties: The moment of inertia about the y and z axes and the polar 
moment of inertia of the pipe are 


I y = I z = j(l 4 - 0.75 4 ) = 0.53689 i 
J = j(l 4 - 0.75 4 ) = 1.07379in 4 


Referring to Fig. b, 


(« Qy) A = 0 

(' Qz)a = y'\A i — y'2^2 


4 ( 1 ) 77 

377 _2 



4(0.75) I" 77 
377 _ 2 



0.38542 in 3 


Normal Stress: The normal stress is contributed by bending stress only. Thus, 

M z y M y z 

a = + ~17 


For point A, y = 0.75 in and z = 0. Then 
-433.01(0.75) 


<ta = 


0.53689 


+ 0 = 604.89 psi = 605 psi (T) 


Ans. 


Shear Stress: The torsional shear stress developed at point A is 
Tp A 519.62(0.75) 


( t «)i 


JA 


1.07379 


= 362.93 psi 
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8-65. Continued 

The transverse shear stress developed at point A is 

= 0 


( T xy)v 

( T xz)v 


-U 


V z (Q z )a 25(0.38542) 


I t 0.53689(2 - 1.5) 


= 35.89 psi 


Combining these two shear stress components, 
(ucv)a = 0 

( t xz)a = ( t xz)t - ( T %z)v 


-U 


= 362.93 - 35.89 = 327 psi 






Ans. 


Ans. 
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8-66. Determine the state of stress at point B on the cross 
section of the pipe at section a-a. 



Internal Loadings: Referring to the free - body diagram of the pipe’s right segment, 


Fig. a, 




M 

V; 

II 

O 

V y - 50 sin 60° = 0 

v y 

= 43.30 lb 

M 

II 

o 

V z - 50 cos 60° = 0 

v z 

= 25 lb 

= 0 

; T + 50sin60°(12) = 0 

T 

= -519.62 lb-in 

= 0 

; M y - 50cos60°(10) = 0 

My 

= 250 lb • in 

= 0 

; M z + 50sin60°(10) = 0 

M z 

= -433.01 lb • in 


Section Properties: The moment of inertia about the y and z axes and the polar 
moment of inertia of the pipe are 

Iy = I z = j (l 4 - 0.75 4 ) = 0.53689 in 4 
/ = y (l 4 - 0.75 4 ) = 1.07379 in 4 


Referring to Fig. b, 

(« Qz)b = 0 

(q/b = y'lA 1 - y’ 2 A 2 = dd - (l 2 ) 


4(0.75) 


377 


?( 0 - 75 2 ) 


= 0.38542 in 3 


Normal Stress: The normal stress is contributed by bending stress only. Thus, 

M z y M y z 


h Iy 


For point B, y = 0 and z = — 1. Then 
250(1) 


<r B = - 0 + 


0.53689 


= -465.64 psi = 466 psi (C) 


Ans. 


Shear Stress: The torsional shear stress developed at point B is 

T p c 519.62(1) 


{r xy )l 


1.07379 


= 483.91 psi 
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8-66. Continued 


The transverse shear stress developed at point B is 

= 0 

r/e/s 43.30(0.38542) 


{ T xy)l 


I z t 0.53689(2 - 1.5) 
Combining these two shear stress components, 

( T xy)B = ( T xy)r ~ ( r xy)v 

L \B L J B 

= 483.91 - 62.17 = 422 psi 

(t„){ = 0 


= 62.17 psi 


Ans. 

Ans. 




0 » 
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•8-67. The eccentric force P is applied at a distance e y from 
the centroid on the concrete support shown. Determine the 
range along the y axis where P can be applied on the cross 
section so that no tensile stress is developed in the material. 



Internal Loadings: As shown on the free - body diagram, Fig. a. 


Section Properties: The cross-sectional area and moment of inertia about the z axis 
of the triangular concrete support are 


A = 



h 


i 

36 


bh 3 


Normal Stress: The normal stress is the combination of axial and bending stress. 
Thus, 


cr 


a 


N _ 

A I z 



K )y 

h b " 3 


9 P 

a = ~bh ^ h2 + 18e ^) 


(i) 


Here, it is required that a A < 0 and cr B < 0. For point A, y = —, Then. Eq. (1) gives 


0 > - 


2 P 
bh 3 


/t 2 + 18^.; 


0 — /z 2 T 6 he y 


h 

6 



(a.) 


For Point B, y 


2 

3 


h. Then. Eq. (1) gives 


0 > - 


2 P 
bh 3 


h + lSe v ( — — h 


0 < h 2 - 12 he y 


e 


h 

12 


Thus, in order that no tensile stress be developed in the concrete support, e y must be 
in the range of 


h h 

< p < — 
6 — — 12 


Ans. 
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*8-68. The bar has a diameter of 40 mm. If it is subjected 
to a force of 800 N as shown, determine the stress components 
that act at point A and show the results on a volume element 
located at this point. 


I = ] -it r 4 = 1(tt)(0.02 4 ) = 0.1256637 (10 ~ 6 )m 4 


A = tt r 2 = 7t(0.02 2 ) = 1.256637(10 3 )nr 


Qa = y'A' 


^4 ( 0 . 02)^77 ( 0 . 02 ) 2 ^ 


5.3333 (10“ 6 )m 3 


o' a = 


P_ Mz 
A + I 


400 

1.256637 (10“ 3 ) 


+ 0 = 0.318 MPa 


VQ a _ 692.82 (5.3333) (10 -6 ) 
11 0.1256637 (10“ 6 )(0.04) 


0.735 MPa 


Ans. 


Ans. 





50 



~u- 




•8-69. Solve Prob. 8-68 for point B. 


I = lirr 4 = 1 (tt)(0.02 4 ) = 0.1256637 (10“ 6 )m 4 

A = tt r 2 = ir(0.02 2 ) = 1.256637 (Hr 3 ) nr 
Qb = 0 

_ P _ Me _ 400 _ 138.56 (0.02) 

(Tb ~~A~~T~ 1.256637 (10 -3 ) " 0.1256637 (Hr 6 ) 

r B = 0 



Ans. 

Ans. 
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*8-72. The hook is subjected to the force of 80 lb. 

Determine the state of stress at point A at section a-a. The 
cross section is circular and has a diameter of 0.5 in. Use the 
curved-beam formula to compute the bending stress. 

The location of the neutral surface from the center of curvature of the hook, Fig. a , 
can be determined from 


R = 


A 



where A = 7t( 0.25 2 ) = 0.062577 in 2 

= 2n ( r ~ V ^ r ^) = M 1 - 75 ~ Vl.75 2 - 0.25 2 ) = 0.11278 in. 

Thus, 


0.062577 

0.11278 


1.74103 in. 


Then 


e = r - R = 1.75 - 1.74103 = 0.0089746 in. 




Referring to Fig. b, I and Q A are 

I = ^ (0.25 4 ) = 0.9765625(10 3 )n in 4 
Qa = 0 

Consider the equilibrium of the FBD of the hook’s cut segment, Fig. c, 

A SF* = 0; N - 80cos45° = 0 N = 56.57 lb 

+ TSF y = 0; 80 sin 45° — V = 0 V = 56.571b 

C+2M o = 0; M - 80cos45°(1.74103) = 0 M = 98.49 lb -in 

The normal stress developed is the combination of axial and bending stress. Thus, 

N M(R - r) 

(T = — + --- 

A Ae r 


Here, M = 98.49 lb • in since it tends to reduce the curvature of the hook. For point 
A,r = 1.5 in. Then 


56.57 (98.49)(1.74103 - 1.5) 

(T = _ _ b 


0.062577 0.0625t7(0.0089746)(1.5) 

= 9.269(10 3 ) psi = 9.27 ksi (T) 

The shear stress in contributed by the transverse shear stress only. Thus 


It 


= 0 


Ans. 


Ans. 


The state of strees of point A can be represented by the element shown in Fig. d. 




u 
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•8-73. The hook is subjected to the force of 80 lb. 
Determine the state of stress at point B at section a-a. The 
cross section has a diameter of 0.5 in. Use the curved-beam 
formula to compute the bending stress. 


The location of the neutral surface from the center of curvature of the the hook, 
Fig. a , can be determined from 


R = 


'■L 


dA 
a r 


Where A = tt(0.25 2 ) = 0.0625tt in 2 

2 y = 2 tt (r - VP - c 2 ) = 2ir (l.75 - Vl.75 2 - 0.25 2 ) = 0.11278 ir 


Thus, 


0.062577 

011278 =L741 ° 3in 


Then 


e = r - R = 1.75 - 1.74103 = 0.0089746 in 
Referring to Fig. b , I and Q B are computed as 


I = - (0.25 4 ) = 0.9765625(10 V in 4 


Qb = y'A' = 


4(0.25) 


3 if 


f (0-25 2 ) 


= 0.0104167 in 3 


Consider the equilibrium of the FBD of the hook’s cut segment, Fig. c, 

^ 1F X = 0; N - 80 cos 45° = 0 N = 56.57 lb 
+ T2F y = 0; 80sin45° - V = 0 V = 56.571b 

C + 2M C = 0; M — 80cos45° (1.74103) = 0 M = 98.49 lb • in 

The normal stress developed is the combination of axial and bending stress. Thus, 

N M(R - r) 

o' = — +--- 

A Aer 


Here, M = 98.49 lb • in since it tends to reduce, the curvature of the hook. For point 
B,r = 1.75 in. Then 


56.57 (98.49)(1.74103 - 1.75) 

“ 0.062577 + 0.062577 (0.0089746)(1.75) 

= 1.62 psi (T) Ans. 


£fl 1h 



(*>) 



The shear stress is contributed by the transverse shear stress only. Thus, 

VQ b 56.57 (0.0104167) 

r = —,— =---;v-—-—- = 3.84 psi Ans. 

It 0.9765625(10~ 3 )ir (0.5) F 

The state of stress of point B can be represented by the element shown in Fig. d. 
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8 - 75 . The 20-kg drum is suspended from the hook 
mounted on the wooden frame. Determine the state of 
stress at point E on the cross section of the frame at 
section a-a. Indicate the results on an element. 


50 mm 


25 mmj_ 



75 mm 


Section a-a 


0.5 m 0.5 m 



Internal Loadings: Consider the equilibrium of the free - body diagram of Section b-b 

the right segment shown in Fig. b. 

= 0; N - 392.4 = 0 N = 392.4N 


+ T2F 3 , = 0; V - 196.2 = 0 


V = 196.2 N 


C +2M C = 0; 196.2(0.5) - M = 0 


M = 98.1 N • m 


Section Properties: The cross -sectional area and the moment of inertia of the cross 
section are 


A = 0.05(0.075) = 3.75(l0~ 3 )m 2 
/ = T ( 0 .05)(0.075 3 ) = 1.7578(l0“ 6 )m 4 

Referring to Fig. c, Q E is 

Qe = y'A' = 0.025(0.025)(0.05) = 3.125(l0~ 6 )m 3 

Normal Stress: The normal stress is the combination of axial and bending stress. 
Thus, 


N My 

(T = — ± — 

A I 


For point A, y = 0.0375 - 0.025 = 0.0125 m. Then 
392.4 98.1(0.0125) 


d E - 


= 802 kPa 


3.75(l0~ 3 ) 1.7578(l0“ 6 ) 

Shear Stress: The shear stress is contributed by transverse shear stress only. Thus, 
VQ a 196.2[31.25(l0 -6 '' 1 


Ans. 


t e = 


= 69.8 kPa 


h 1.7578(l0“ 6 )(0.05) 

The state of stress at point E is represented on the element shown in Fig. d. 


Ans. 
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8-75. Continued 



d 0 V' 


Wa/ 

Ch 


0’025tr\ 




003pm 



0<o> 


sp 



X / 


O-OPSro 


1 


-0-0i5m 




——^ 69'<9 

dOZkP* 
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* 8 - 76 . The 20-kg drum is suspended from the hook 
mounted on the wooden frame. Determine the state of 
stress at point F on the cross section of the frame at 
section b-b. Indicate the results on an element. 


50 mm 


25 mmj 


\E 


75 mm 


Section a- a 


Support Reactions: Referring to the free-body diagram of the entire frame 
shown in Fig. a , 


= 0 ; 

+ t 'S.Fy = 0; 
^ 2 F x = 0 ; 


F BD sin30°(3) - 20(9.81)(2) = 0 F BD = 261.6N 

A y - 261.6 cos 30° - 20(9.81) = 0 A y = 422.75 N 
A r - 261.6sin30° = 0 A r = 130.8N 


0.5 m 0.5 m 



Internal Loadings: Consider the equilibrium of the free - body diagram of the lower 


cut segment, Fig. b, 




^ 2F, = 0; 

130.8 - V = 0 

V = 

130.8N 

+ t2F y = 0; 

422.75 - N = 0 

N = 

422.75 N 

C+2M c = 0; 

130.8(1) - M = 0 

M = 

130.8N • m 


Section Properties: The cross -sectional area and the moment of inertia about the 
centroidal axis of the cross section are 

A = 0.075(0.075) = 5.625(l0 _3 )m 2 
/ = T(0.075)(0.075 3 ) = 2.6367(l0~ 6 )m 4 


Referring to Fig. c, Q E is 

Q f = y'A' = 0.025(0.025)(0.075) = 46.875(l0 _6 )m 3 

Normal Stress: The normal stress is the combination of axial and bending stress. 
Thus, 


N My 
cr = — ± —— 

A I 

For point F,y = 0.0375 - 0.025 = 0.0125 m. Then 

-422.75 130.8(0.0125) 

ap 5.625(l0~ 3 ) 2.6367(l0~ 6 ) 

= -695.24 kPa = 695 kPa (C) Ans. 
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8-76. Continued 

Shear Stress: The shear stress is contributed by transverse shear stress only. Thus, 


t a = 


VQ a 


130.8 


46.875 (l0^ 6 ) 


= 31.0 kPa 


/f 2.6367(10~ 6 )(0.075) 

The state of stress at point A is represented on the element shown in Fig. d. 


Ans. 



0‘03jsm 



<o<15Kpa. 


3l-0KPa + 4f 



Ccj 


Ca-j 
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•8-77. The eye is subjected to the force of 50 lb. Determine 
the maximum tensile and compressive stresses at section a-a. 
The cross section is circular and has a diameter of 0.25 in. Use 
the curved-beam formula to compute the bending stress. 


Section Properties: 


r = 1.25 + °/ 5 = 1.375 in. 

2 

J (LA = 2^ [y — v4 2 — c 2 ) 

= 2i7(l.375 - Vl.375 2 - 0.125 2 ) 
= 0.035774 in. 


A = i7(0.125 2 ) = 0.049087 in 2 


A _ 0.049087 
LdA~ 0.035774 

•JA r 


1.372153 in. 


r - R = 1.375 - 1.372153 = 0.002847 in. 


Internal Force and Moment: As shown on FBD. The internal moment must be 
computed about the neutral axis. M = 68.608 lb • in is positive since it tends to 
increase the beam’s radius of curvature. 


Normal Stress: Applying the curved - beam formula, For tensile stress 


(^"^max 


N_ M{Rr x ) 

A Ar t (r - R) 


50.0 68.608(1.372153 - 1.25) 

“ 0.049087 + 0.049087(1.25)(0.002847) 

= 48996 psi = 49.0 ksi (T) 

For compressive stress 

N M(R — r 2 ) 

^ c) max A + Ar ^~ _ 

50.0 68.608(1.372153 - 1.50) 

“ 0.049087 + 0.049087(1.50)(0.002847) 

= -40826 psi = 40.8 ksi (C) 


Ans. 


Ans. 


50 lb 



50 lb 
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8-78. Solve Prob. 8-77 if the cross section is square, having 
dimensions of 0.25 in. by 0.25 in. 


50 lb 



Section Properties: 


r = 1.25 + 


0.25 

2 


1.375 in. 


L 


dA r 2 1.5 

- = bin —= 0.25 In —— = 0.45580 in. 

r r 1 1.25 


A = 0.25(0.25) = 0.0625 in 2 


R = 



0.0625 

0.045580 


1.371204 in. 


r - R = 1.375 - 1.371204 = 0.003796 in. 


Internal Force and Moment: As shown on FBD. The internal moment must be 
computed about the neutral axis. M = 68.560 lb • in. is positive since it tends to 
increase the beam’s radius of curvature. 


Normal Stress: Applying the curved -beam formula, For tensile stress 

N M(R - r,) 

A Ar,(? - R) 

50.0 68.560(1.371204 - 1.25) 

~~ 0.0625 + 0.0625(1.25) (0.003796) 

= 28818 psi = 28.8 ksi (T) Ans. 

For Compressive stress 

N M(R - r 2 ) 

V^c/max A ' A rix 

A Ar 2 (r - R) 

50.0 68.560(1.371204 - 1.5) 

“ 0.0625 + 0.0625(1.5)(0.003796) 

= -24011 psi = 24.0 ksi (C) Ans. 


50 /* 
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8 - 79 . If the cross section of the femur at section a-a can 
be approximated as a circular tube as shown, determine the 
maximum normal stress developed on the cross section at 
section a-a due to the load of 75 lb. 



Internal Loadings: Considering the equilibrium for the free-body diagram of the 
femur’s upper segment, Fig. a , 

+ TEF y = 0; N - 75 = 0 N = 751b 

C+2M o = 0; M- 75(2) = 0 M = 150 lb'in 

Section Properties: The cross-sectional area, the moment of inertia about the 
centroidal axis of the femur’s cross section are 

A = ir(l 2 - 0.5 2 ) = 0.75ir in 2 
I = l 4 - 0.5 4 ) = 0.234375i7 in 4 


Normal Stress: The normal stress is a combination of axial and bending stress. Thus, 

N My 
a = — H-— 


By inspection, the maximum normal stress is in compression. 


-75 _ 150(1) 

0.7577 0.23437577 


-236 psi = 236 psi (C) 


Ans. 



A/ 

(a) 
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* 8 - 80 . The hydraulic cylinder is required to support a 
force of P = 100 kN. If the cylinder has an inner diameter 
of 100 mm and is made from a material having an allowable 
normal stress of <x allow = 150 MPa, determine the required 
minimum thickness t of the wall of the cylinder. 



Equation of Equilibrium: The absolute pressure developed in the hydraulic 
cylinder can be determined by considering the equilibrium of the free-body 
diagram of the piston shown in Fig. a. The resultant force of the pressure on the 


piston is F = pA = p 




= 0.002577/7. Thus, 


Eiv = 0; 0.0025-n-p - 100(l0 3 ) = 0 

p = 12.732(l0 6 ) Pa 

Normal Stress: For the cylinder, the hoop stress is twice as large as the 
longitudinal stress, 


^allow 


pr 


150(l0 6 ) = 


12.732(l0 6 )(50) 


t = 4.24 mm 


Ans. 


Since - 


t 


50 

4.24 


11.78 > 10, thin -wall analysis is valid. 


/ooao 4 jri 



0.00257/(p 
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• 8 - 81 . The hydraulic cylinder has an inner diameter of 
100 mm and wall thickness of t = 4 mm. If it is made from 
a material having an allowable normal stress of cr allow = 
150 MPa, determine the maximum allowable force P. 



Normal Stress: For the hydraulic cylinder, the hoop stress is twice as large as the 
longitudinal stress. 

12.5 > 10, thin-wall analysis can be used. 

150(l0 6 ) = 

p = 12(l0 6 ) MPa Ans. 

Equation of Equilibrium: The resultant force on the piston is 


Since - = -j- 
t 4 


allow 


pr 


F = pA = 12(l0 6 ) -j (o.l 2 ) = 30(10 3 )tt. Referring to the free-body diagram of 


the piston shown in Fig. a, 


Eiv = 0; 30(l0 3 )ir - P = 0 

P = 94.247(l0 3 )N = 94.2 kN 


Ans. 
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8-82. The screw of the clamp exerts a compressive force 
of 500 lb on the wood blocks. Determine the maximum 
normal stress developed along section a-a. The cross 
section there is rectangular, 0.75 in. by 0.50 in. 

Internal Force and Moment: As shown on FBD. 

Section Properties: 


A = 0.5(0.75) = 0.375 in 2 
/ = T(o.5)(o.75 3 ) = 0.017578 in 4 

Maximum Normal Stress: Maximum normal stress occurs at point A. 

_ N_ Me 

°"max — & A — i 

500 2000(0.375) 

“ 0.375 + 0.017578 

= 44000 psi = 44.0 ksi (T) 



Ans. 


8-83. Air pressure in the cylinder is increased by exerting 
forces P = 2 kN on the two pistons, each having a radius 
of 45 mm. If the cylinder has a wall thickness of 2 mm, 
determine the state of stress in the wall of the cylinder. 


P _ 2(10 3 ) 

A ~ i7(0.045 2 ) 


314 380.13 Pa 


pr _ 314380.13(0.045) 

~T ~ 0.002 


7.07 MPa 



a 2 = 0 


Ans. 


The pressure P is supported by the surface of the pistons in the longitudinal 
direction. 


*8-84. Determine the maximum force P that can be 
exerted on each of the two pistons so that the circumferential 
stress component in the cylinder does not exceed 3 MPa. 
Each piston has a radius of 45 mm and the cylinder has a 
wall thickness of 2 mm. 


pr 

a = —; 
t 


3(10 6 ) 


p(0.045) 

0.002 


P = 133.3 kPa 



P = pA = 133.3 (lO 3 ) (tt)(0.045) 2 = 848 N 


Ans. 
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•8-85. The cap on the cylindrical tank is bolted to the tank 
along the flanges. The tank has an inner diameter of 1.5 m 
and a wall thickness of 18 mm. If the largest normal stress is 
not to exceed 150 MPa, determine the maximum pressure 
the tank can sustain. Also, compute the number of bolts 
required to attach the cap to the tank if each bolt has a 
diameter of 20 mm. The allowable stress for the bolts is 
(fallow)* = 180 MPa. 



Hoop Stress for Cylindrical Tank: Since - = = 41.7 > 10, then thin wall 

t 18 

analysis can be used. Applying Eq. 8-1 


pr 

°"l — °"allow — ^ 

150(l0 6 ) = 


p = 3.60 MPa 


Force Equilibrium for the Cap: 

+ = 0; 3.60(10 6 )[tt(0.75 2 )] - F b = 0 

F b = 6.3617(l0 6 ) N 


Allowable Normal Stress for Bolts: 


(fallow) ft 


P_ 

A 


180(l0 6 ) 

n 


6.3617(10 6 ) 

»[f(0.02 2 )] 

112.5 


Use n = 113 bolts 


Ans. 


Ans. 
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8-86. The cap on the cylindrical tank is bolted to the tank 
along the flanges. The tank has an inner diameter of 1.5 m 
and a wall thickness of 18 mm. If the pressure in the tank is 
p = 1.20 MPa, determine the force in each of the 16 bolts 
that are used to attach the cap to the tank. Also, specify the 
state of stress in the wall of the tank. 



Hoop Stress for Cylindrical Tank: Since T - = = 41.7 > 10, then thin wall 


analysis can be used. Applying Eq. 8-1 

pr 1.20(10 6 )(750) 


o-i = 


18 


= 50.0 MPa 


Longitudinal Stress for Cylindrical Tank: 

pr 1.20(10 6 )(750) 

^ = ¥ = -2(18)- = 25 ' 0MPa 

Force Equilibrium for the Cap: 

+ = 0; 1.20(10 6 )[tj-(0.75 2 )] - 16 F b = 0 

F b = 132536 N = 133 kN 


Ans. 


Ans. 


Ans. 
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9 - 2 . The state of stress at a point in a member is shown on 
the element. Determine the stress components acting on 
the inclined plane AB. Solve the problem using the method 
of equilibrium described in Sec. 9.1. 



Referring to Fig a , if we assume that the areas of the inclined plane AB is A A, then 
the area of the horizontal and vertical of the triangular element are A A cos 60° and 
A A sin 60° respectively. The forces act acting on these two faces indicated on the 
FBD of the triangular element, Fig. b. 

+/'ZF X > = 0; A F x > + 2AAsin 60° cos 60° + 5 A A sin 60° sin 60° 

+ 2 A A cos 60° sin 60° - 8AA cos 60° cos 60° = 0 
A F x . = -3.482 AA 

+\'LFy = 0; A Fy + 2AAsin 60° sin 60° - 5 A A sin 60° cos 60° 

- 8AAcos60° sin 60° - 2AAcos 60° cos 60° = 0 
A Fy = 4.629 AA 


From the definition, 

A F x . 

cr x ’ = lim AA ^ 0 ——— = -3.48 ksi Ans. 

*F? 

r x y = lim AA ^ 0 ——— = 4.63 ksi Ans. 

The negative sign indicates that ov, is a compressive stress. 
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9 - 3 . The state of stress at a point in a member is shown on 
the element. Determine the stress components acting on 
the inclined plane AB. Solve the problem using the method 
of equilibrium described in Sec. 9.1. 


500 psi 



Referring to Fig. a , if we assume that the area of the inclined plane AB is A A, then 
the areas of the horizontal and vertical surfaces of the triangular element are 
A A sin 60° and A A cos 60° respectively. The force acting on these two faces are 
indicated on the FBD of the triangular element, Fig. b 

+\Fiv = 0; A F x > + 500 A A sin 60° sin 60° + 350AAsin 60° cos 60° 

+350A A cos 60° sin 60° = 0 

A F x > = -678.11 AA 

= 0; A Fy + 350AAsin60° sin 60° - 500AAsin60° cos 60° 

-350AAcos60° cos 60° = 0 
A F y = 41.51 AA 


From the definition 

A F x . 

ov = lim A/1 ^o A/1 = -6.78 psi 
A Fy 

T x y = lim AA ^ 0 = 41.5 psi 
The negative sign indicates that a x >, is a compressive stress. 


Ans. 


Ans. 



(a) 


500A/\Shbo° 
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9 - 6 . The state of stress at a point in a member is shown on 
the element. Determine the stress components acting on 
the inclined plane AB. Solve the problem using the method 
of equilibrium described in Sec. 9.1. 


= 0 A Fy - 50 A A sin 30° cos 30° - 35 A A sin 30° cos 60° + 
90AA cos 30° sin 30° + 35AA cos 30° sin 60° = 0 
A F y = -34.82A A 

= 0 A F x . - 50AA sin 30° sin 30° + 35 A A sin 30° sin 60° 

-90AA cos 30° cos 30° + 35AA cos 30° cos 60° = 0 
A F x . = 49.69 AA 



x' 

cr x > = lim AA ^ 0 ——— = 49.7 MPa Ans. 

AFy 

t x y = lim AA ^ 0 — — — = -34.8 MPa Ans. 

Za 

The negative signs indicate that the sense of a x , and t x y are opposite to the shown 
on FBD. 


9 - 7 . Solve Prob. 9-6 using the stress-transformation 
equations developed in Sec. 9.2. Show the result on a sketch. 



<jy = 50 MPa r xy = —35 MPa 6 = —150° 

^ X &y 

H-—-cos 26 + T X}; sin 26 

+ 90 ~ 50 cos(—300°) + (-35) sin (-300°) 

= 49.7 MPa Ans. 

fU ® y 

T x'y' = --- sin 26 + T xy cos 26 

= ~( 9 ° 2 5 ° jsin(-300°) + (-35) cos (-300°) = -34.8 MPa Ans. 

The negative sign indicates T x y acts in —y' direction. 


(j x = 90 MPa 

a x + CTy 


90 + 50 
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* 9 - 8 . Determine the normal stress and shear stress acting 
on the inclined plane AB. Solve the problem using the 
method of equilibrium described in Sec. 9.1. 


Force Equilibrium: Referring to Fig. a, if we assume that the area of the inclined 
plane AB is A A, then the area of the vertical and horizontal faces of the triangular 
sectioned element are A A sin 45° and A A cos 45°, respectively. The forces acting on 
the free-body diagram of the triangular sectioned element, Fig. b , are 


2iv = 0; A F x ,+ 


451 10 6 1 Anisin 45° 


80(i0 6 )a^ 4 sin 45° 


cos 45° + 


45(l0 6 )A^4cos 45° 


sin 45° 


cos 45° = 0 


AF X - = —5(10 6 )a^4 


= 0; AFy + 


45110 6 A^4cos 45° 


cos 45° 


45(l0 6 )A^sin 45° 


sin 45° 


sin 45° = 0 


- 80(l0 6 )A A sin 45° 

AF y - = 40(l0 6 )A^4 

Normal and Shear Stress: From the definition of normal and shear stress, 

Aiv 


ov = lim 




T x y = lim 




A A 
AFy 
A A 


= -5 MPa 


= 40 MPa 


Ans. 


Ans. 


The negative sign indicates that cr x > is a compressive stress. 


\Ah 



4S0o^)kA&n4&* 

^ 8oOo 6 ’MA$/??4£ * 


4SOo 6 )M6>(49 1 




(A) 
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•9-9. Determine the normal stress and shear stress acting 
on the inclined plane AB. Solve the problem using the 
stress transformation equations. Show the result on the 
sectioned element. 


Stress Transformation Equations: 

0 = +135° (Fig. a) a x = 80 MPa 


we obtain, 


a x + o-y d x - a y 

cr x ' =-I-cos 6 + r xv sin 20 

2 2 y 


80 + 0 80 -0 

—--1--— cos 270 + 45 sin 270° 


(Ty = 0 


r xy = 45 MPa 


= -5 MPa Ans. 

°x - a y 

T x'y' = -“- + T xy COS 20 

= - ^ sin 270° + 45 cos 270° 

2 

= 40 MPa Ans. 

The negative sign indicates that a x > is a compressive stress. These results are 
indicated on the triangular element shown in Fig. b. 
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9 - 10 . The state of stress at a point in a member is shown 
on the element. Determine the stress components acting on 
the inclined plane AB. Solve the problem using the method 
of equilibrium described in Sec. 9.1. 


Force Equilibrium: For the sectioned element, 

\+2Fy = 0; A Fy - 3(A A sin 30°) sin 60° + 4(A A sin 30°)sin 30° 

—2(A A cos 30°) sin 30° - 4(A A cos 30°) sin 60° = 0 
A Fy = 4.165 AA 

/+1LF X > = 0; A F x . + 3(AA sin 30°) cos 60° + 4(A A sin 30°)cos 30° 

-2(AA cos 30°) cos 30° + 4(AA cos 30°) cos 60° = 0 
A F x . = -2.714 AA 


Normal and Shear Stress : For the inclined plane. 

A F x . 

a x = lim^-K)-^- = -2.71 ksi 
A Fy 

t xV = lim^-K)-^- = 4.17 ksi 

Negative sign indicates that the sense of cr x >, is opposite to that shown on FBD. 


Ans. 


Ans. 


2 ksi 



9 - 11 . Solve Prob. 9-10 using the stress-transformation 
equations developed in Sec. 9.2. Show the result on a sketch. 

Normal and Shear Stress: In accordance with the established sign convention, 

0 = +60° d x = -3 ksi d y = 2 ksi r xy = -4 ksi 

Stress Transformation Equations : Applying Eqs. 9-1 and 9-2. 

d X + d y d X ~ dy 

d x ’ =---1---cos 20 + t xv sin 20 

2 2 y 

= ~ 3 / 2 + ~ 3 ~ 2 cos 120° + (-4 sin 120°) 

2 2 

= -2.71 ksi Ans. 

Ui ® y 

T x'y' = - 2 — S ^ n ^ + Tjc y cos ^ 

= - ~ 3 ~ 2 sin 120° + (-4 cos 120°) 

= 4.17 ksi Ans. 

Negative sign indicates d x >, is a compressive stress 


2 ksi 
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* 9 - 12 . Determine the equivalent state of stress on an 
element if it is oriented 50° counterclockwise from the 
element shown. Use the stress-transformation equations. 


16 ksi 


(j x = —10 ksi cry — 0 r xy = —16 ksi 


6 = +50° 



+ 


y 

-cos 2 0 + T xy sin20 


-10 + 0 - 10-0 
---+--- 


cos 100° + (—16)sin 100° = -19.9 ksi 


Ans. 


2 




Ans. 



y 

-cos 2 6 - T xy sm20 



Ans. 


90 * *>7 
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• 9 - 13 . Determine the equivalent state of stress on an 
element if the element is oriented 60° clockwise from the 
element shown. Show the result on a sketch. 



In accordance to the established sign covention, 

0 = —60° (Fig. a) cr x = 200 psi cr y = —350 psi r xy = 75 psi 

Applying Eqs 9-1,9-2 and 9-3, 
a x + <r y a x - a y 

a x > = -—-1-—-cos 26 + r xy sin 20 

200 + (-350) 200 - (-350) 

=-^-- +-^~ cos (-120°) + 75 sin (-120°) 


= -277.45 psi = -277 psi 


2 


a x + (Jy (T x - (Jy 

-—-cos 20 - r xy sin 20 


_ 200 + (-350) 200 - (-350) 

~^2 2 

= 127.45 psi = 127 psi 

^ x & y 

T x'y' = - ^- s i n 20 + r xy cos 20 


cos (-120°) - 75 sin (-120°) 


200 - (-350) 


sin (-120°) + 75 cos (-120°) 


Ans. 


Ans. 


= 200.66 psi = 201 psi Ans. 

Negative sign indicates that oy is a compressive stress. These result, can be 
represented by the element shown in Fig. b. 
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9 - 15 . The state of stress at a point is shown on the element. 
Determine (a) the principal stress and (b) the maximum 
in-plane shear stress and average normal stress at the point. 
Specify the orientation of the element in each case. Show 
the results on each element. 

In accordance to the established sign convention, 

(j x = -60 MPa a y = -80 MPa r xy = 50 MPa 


80 MPa 


50 MPa 


(T V + (Tv 


°T,2 “ 


<r x ~ 


+ T r 


60 MPa 


-60 + (-80) 


-60 - (-80) 


+ 50 2 


= -70 ± V2600 

(r \ = -19.0 MPa o- 2 = -121 MPa 
T xy 50 


Ans. 


tan 2 0 P = 


= 5 


(a x - (T y )/2 [-60 - (—80)]/2 

0 P = 39.34° and -50.65° 

Substitute 6 = 39.34° into Eq. 9-1, 

(T x + CFy (T x - (T y 

CT x ' =- - - 1 - - - cos 26 + r xy sin 26 

-60 + (-80) -60 - (-80) 

=--- +--- cos 78.69° + 50 sin 78.69° 

2 2 

= —19.0 MPa = (T\ 

Thus, 

(6 P ) r = 39.3° (0 P ) 2 = -50.7° 

The element that represents the state of principal stress is shown in Fig. a. 


Ans. 


nax 

n-pla: 


~ cr y \ 2 , 

+ T X y = 


-60 - (-80) 


+ 50 2 = 51.0 MPa Ans. 


~(a x - a y )/2 -[-60 - (-80)]/2 

tan 26 s = -=-—-= -0.2 


50 


6 c = -5.65° and 84.3° 


Ans. 


By Inspection, r has to act in the sense shown in Fig. b to maintain 

ai^pla 


equilibrium. 


m-plane 


(Tr + CT 


y -60 + (-80) 


= -70 MPa 


The element that represents the state of maximum in - plane shear stress is shown in 
Fig. c. 
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9-15. Continued 



(a.) 


12,1 Mfd 



ItyOMpA 


O’) 


lOtAfa 



(c) 
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*9-16. The state of stress at a point is shown on the 
element. Determine (a) the principal stress and (b) the 
maximum in-plane shear stress and average normal stress at 
the point. Specify the orientation of the element in each case. 
Sketch the results on each element. 


(T x = 45 MPa ay = —60 MPa r xy = 30 MPa 


60 MPa 


30 MPa 


a) 


°T,2 


cr x + a y fcr x - a y \2 

2 V V 2 ) + Txy 


45 MPa 


45 - 60 


45 - (-60)y 


2 V V 2 

<Tj = 53.0 MPa 
a 2 = -68.0 MPa 

Orientation of principal stress: 


) +(30) 2 


Ans. 

Ans. 



tan 2 0 P = 


1 xy 


30 


K - cry)/ 2 (45 - (-60))/2 


= 0.5714 


e P = 14.87, -75.13 


Use Eq. 9-1 to determine the principal plane of og and a 2 : 

H--—- cos 26 + r xy sin 2 6, where 6 = 14.87° 


d x + (Ty d X ~ dy 


2 2 
45 + (-60) 45 - (-60) 


cos 29.74° + 30 sin 29.74° = 53.0 MPa 


Therefore^ = 14.9° 

Ans. 

and# P2 = _ 75.1° 

Ans. 


b) 


^ZSA 2 + r 2 = 
2 ; 


45 - (-60)\ 2 


+ 30 2 = 60.5 MPa Ans. 


- <Ty 45 + (-60) 

^avg = -2- = -2- Z = “ 7 - 50 MPa 

Orientation of maximum in - plane shear stress: 

-K - <r y )/2 -(45 - (— 60))/2 

tan 26 s = -=-—-= -1.75 


Ans. 


30 


and 


6 c = -30.1° 


6 c = 59.9° 


Ans. 


Ans. 


By observation, in order to preserve equilibrium along AB, r max has to act in the 
direction shown. 


3 


632 



















































09 Solutions 46060 6/8/10 3:13 PM Page 633 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


•9-17. Determine the equivalent state of stress on an 
element at the same point which represents (a) the principal 
stress, and (b) the maximum in-plane shear stress and the 
associated average normal stress. Also, for each case, 
determine the corresponding orientation of the element 
with respect to the element shown. Sketch the results on 
each element. 



Normal and Shear Stress: 

(j x = 125 MPa 

In - Plane Principal Stresses: 

°x - 
°T,2 = n 


cr v = -75 MPa 


T xy = -50 MPa 


2 J ” 


125 + (-75) ^ 125 — ( - 5 o ); 


= 25±Vl2500 
o'i = 137 MPa 

Orientation of Principal Plane: 


a 2 = -86.8 MPa 


tan 2 Op — 


1 xy 


-50 


(o-x - o-,)/2 (125—(—75))/2 


= -0.5 


6 p = -13.28° and 76.72° 


Substitute# = -13.28° into 


(J x + Vy CT X ~ (Jy 

-—-1-—-cos 20 + r xy sin 20 


125 + (-75) 125 - (-75) 

+-^--cos(-26.57°) + (—50) sin(-26.57°) 


2 2 
= 137 MPa = 

Thus, 

(dp): = -13.3° and (d p ) 2 = 76.7° 

125 - (—75)/(—50) 

The element that represents the state of principal stress is shown in Fig. a. 

Maximum In - Plane Shear Stress: 


max 

m-plane 


< tuM 2 + t 2 = 

2 xy 


-100 - 0\ 2 


+ 25 2 = 112 MPa 


Orientation of the Plane of Maximum In - Plane Shear Stress: 

(a x - <r y )/2 (125 - (—75))/2 

tan2 ^=- 1^=---—50 = 2 


Ans. 


Ans. 


Ans. 


0 s = 31.7° and 122° 
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9-17. Continued 


By inspection, r has to act in the same sense shown in Fig. b to maintain 

unplane 

equilibrium. 


Average Normal Stress: 

a x + (Ty 
°"avg — 2 

The element that represents the 
Fig. c. 


125 + (-75) 


= 25 MPa 


Ans. 


state of maximum in - plane shear stress is shown in 
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9-18. A point on a thin plate is subjected to the two 
successive states of stress shown. Determine the resultant 
state of stress represented on the element oriented as 
shown on the right. 

Stress Transformation Equations: Applying Eqs. 9-1,9-2, and 9-3 
to element (a) with 6 = -30°, a x > = -200 MPa, 
cjy = —350 MPa and r x y = 0. 



(o-*)a = 


OV + CTv' CTr' ~ (Tv 


— -cos 26 + T x ' y ' sin 26 


-200 + (-350) -200 - (-350) 

---+---- cos (-60°) + 0 


= -237.5 MPa 


(°A = 


(Jy’ + 0 V dy’ - d v 


cos 26 - t x y sin 26 


2 2 
-200 + (-350) -200 - (-350) 


cos (-60°) - 0 


= -312.5 MPa 

\TxyJa ~ 


- -sin 26 + T x y cos 26 


-200 - (-350) 

--- sin (-60°) + 0 


= 64.95 MPa 


For element ( b ), 6 = 25°, cry = ay = 0 and ovy = 58 MPa. 


(<V = 


OV + (Tv’ OV ~ (Tv 


— -cos 26 + T x > y > sin 26 


— 0 + 0 + 58 sin 50° 
= 44.43 MPa 


(°A = 


OV + (Tv’ CTr' ~ (Tv 


— -cos 26 - T x > y > sin 26 


= 0 - 0 - 58 sin 50° 
= -44.43 MPa 


T X y)b ~ 


sin 26 + t x ’y’ cos 26 


= -0 + 58 cos 50° 

= 37.28 MPa 

Combining the stress components of two elements yields 

a s = ( d x ) a + (a x ) b = -237.5 + 44.43 = -193 MPa 
o> = ( a y ) a + (a y ) b = -312.5 - 44.43 = -357 MPa 
T xy = { T xy)a + { T xy)b = 64.95 + 37.28 = 102 MPa 


Ans. 

Ans. 

Ans. 






SUM/h. 


A 


635 





















































09 Solutions 46060 6/8/10 3:13 PM Page 636 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


9-19. The state of stress at a point is shown on the element. 
Determine (a) the principal stress and (b) the maximum 
in-plane shear stress and average normal stress at the point. 
Specify the orientation of the element in each case. Sketch 
the results on each element. 


160 MPa 


120 MPa 


In accordance to the established sign Convention, 


cr x = 0 


°T,2 


(t v = 160 MPa 


r xy = -120 MPa 


cr r + (j ,, 


<*x - °>\ 2 


+ Tt 


0 + 160 Uo - 160 V 


-I + (-120) 2 


= 80 ± V20800 

<x! = 224 MPa a 2 = -64.2 MPa 

T xy -120 


p (a x — o"„)/2 (0 — 160)/2 


= 1.5 


6 p = 28.15° and -61.85° 


Substitute 0 = 28.15° into Eq. 9-1, 

cr x + (J y a x - (Ty 


0 + 160 0 - 160 
2 + 2 

= -64.22 = o- 2 


cos 20 + r xy sin 20 

cos 56.31° + (-120) sin 56.31 


o 


Ans. 


Thus, 


(Op), = -61.8° (0 p ) 2 = 28.2° 

The element that represents the state of principal stress is shown in Fig. a 


m-plane 


<T X - Cv \ 2 


+ Tly = 


0 - 160 


Y 


2 J 


~(a x - (Ty)/2 -(0 - 160)/2 

tan 20 v =- 2 — = —-— —V— = -0.6667 


-120 


0 v = -16.8° and 73.2° 


Ans. 


+ (—120) 2 = 144 MPa Ans. 


Ans. 


By inspection, “| ane has to act in the sense shown in Fig. b to maintain 
equilibrium. 


a x + a y 0 + 160 onlV/m 
<Uvo ---=---= 80 MPa 


' avg 


Ans. 


The element that represents the state of Maximum in - plane shear stress is shown in 
Fig. (c) 
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9-19. Continued 



£24-MPa. 



m 

0 >) 


eoMPtt 



Ccj 
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*9-20. The stress acting on two planes at a point is 
indicated. Determine the normal stress a b and the principal 
stresses at the point. 



Stress Transformation Equations: Applying Eqs. 9-2 and 9-1 with 6 = -135°, 
cr y = 3.464 ksi, r xy = 2.00 ksi, r x y = —2 ksi, and cr x ’ = 

V.x & y 

T x'y' = - 2 — S ^ n ^ + 7% y cos ^ 

(j x - 3.464 

-2 =-^-sin (-270°) + 2cos (-270°) 

(T x = 7.464 ksi 

(J x ~ O-y a x ~ (Jy 

cr x ' =---1---cos 26 + r xy sin 26 


7.464 + 3.464 7.464 - 3.464 , „ „ . , „ 

(j y =---1---cos (-270 ) + 2sin (-270 ) 


= 7.46 ksi 


Ans. 


In - Plane Principal Stress: Applying Eq. 9-5 

°T,2 = 


a x + CTy 


(Jy ~ O' v \ 2 


+ r 


x y 


7.464 + 3.464 //7.464 - 3.464 V 

= - 2 -± VI- 2 -j 

= 5.464 ± 2.828 

(Ji = 8.29 ksi (j 2 = 2.64 ksi 


+ 2 2 


Ans. 


\3-U4t* / 

%k‘ 

Tr 


z* i rw 

I,* 5 

x‘ 
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•9-21. The stress acting on two planes at a point is 
indicated. Determine the shear stress on plane a-a and the 
principal stresses at the point. 



(t v = 60 sin 60° = 51.962 ksi 


r xy = 60 cos 60° = 30 ksi 


(J x + CTy (T x - (T y 


cos 26 + r xy sin 26 


51.962 + CTy 51.962 - a y 

80 = -T-- + -o ~ 

2 2 


cos (90°) + 30 sin (90°) 


(T y = 48.038 ksi 


sin 26 + r xy cos 6 


51.962 - 48.038 \ . 


Jsin (90°) + 30 cos (90°) 


t„ = —1.96 ksi 


°T,2 


(J x + CTy 


cr x - cr v \2 


+ rt 


51.962 + 48.038 / 51.962 - 48.038\ 


- +(30) 2 


a i = 80.1 ksi 
a 2 = 19.9 ksi 


Ans. 


Ans. 

Ans. 
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9-22. The T-beam is subjected to the distributed loading 
that is applied along its centerline. Determine the principal 
stress at point A and show the results on an element located 
at this point. 


The location of the centroid c of the T cross-section, Fig. a, is 
ILyA _ 0.1(0.2)(0.02) + 0.21(0.02)(0.2) _ 

y “ ~ Ya ~ 0 . 2 ( 0 . 02 ) + 0 . 02 ( 0 . 2 ) “ °' 155 “ 

I = T (0.02)(0.2 3 ) + 0.02(0.2)(0.155 - 0.1) 2 

+ T (0.2)(0.02 3 ) + 0.2(0.02)(0.21 - 0.155) 2 
= 37.6667(10~ 6 ) m 4 


Referring to Fig. b , 

<2^4 = y'A' = 0.1175(0.075)(0.02) = 0.17625(10“ 3 ) m 3 



: 20 mm 


Mil 200mm 
75 mm Tl_t 

20 mm 



ozn ,o 

•o zm 
1 


‘ 11 


~~3 

aJ 

A 

r 

OZm 

! 

i 


1 n 

h? i 

l 0'02m 


Caj 


Using the method of sections and considering the FBD of the left cut segment of the 
beam, Fig. c, 

+ t2^ = 0; V - 100(1) = 0 V = 100kN 

c +2M C = 0; 100(1)(0.5) - M = 0 M = 50 kN • m 


The normal stress developed is contributed by bending stress only. For point A, 
y = 0.155 - 0.075 = 0.08 m. Thus 


(T 


My 

~r 


50(10 3 ) (0.08) 
37.6667(10“ 6 ) 


= 106 MPa 


The shear stress is contributed by the transverse shear stress only. Thus, 


VQ a 

T = —z- 


100(10 3 )[0.17625(10 -3 )] 
37.6667(10 -6 ) (0.02) 


= 23.40(10 6 )Pa = 23.40 MPa 


The state of stress of point A can be represented by the element shown in Fig. c. 


Here, a x = —106.19 MPa, <x y = 0 and r xy = 23.40 MPa. 


a r + a v 


2 “ 




+ T r 


_ -106.19 + 0 

~2 ! 

= -53.10 ± 58.02 
(j\ = 4.93 MPa 


-106.19 - 0 


+ 23.40 2 


o- 2 = -111 MPa 


Ans. 
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9-22. Continued 


_ T *y _ 23.40 

e p ^ _ a ^ j 2 (-106.19 - 0)/2 


-0.4406 


6 p = -11.89° ans 78.11° 


Substitute 0 = -11.89°, 

a x + (Ty a X ~ (Jy 

(j x ' =---1---cos 26 + r xy sin 26 


-106.19 + 0 -106.19 - 0 

— -+- 

2 2 

= -111.12 MPa = o- 2 


cos (-23.78°) + 23.40 5m (-23.78°) 


Thus, 


(fi p ) i = 78.1° (0 p ) 2 = -11.9° 


Ans. 


The state of principal stress can be represented by the element shown in Fig. e. 



Cb) 



L) 



H 

t— j 

fA 

r 0.5m 


Cc) 
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•9-23. The wood beam is subjected to a load of 12 kN. If a 
grain of wood in the beam at point A makes an angle of 25° 
with the horizontal as shown, determine the normal and 
shear stress that act perpendicular and parallel to the grain 
due to the loading. 



/ = — (0.2)(0.3) 3 = 0.45(10~ 3 ) m 4 

<24 = yA’ = 0.1125(0.2)(0.075) = 1.6875(10“ 3 ) m 3 
My A 13.714(10 3 )(0.075) 


<?a 


ta 


I 0.45(10“ 3 ) 

VQ a _ 6.875(10 3 )(1.6875)(1(T 3 ) 
It ~ 0.45(10~ 3 )(0.2) 


= 2.2857 MPa (T) 


= 0.1286 MPa 


a x = 2.2857 MPa <r y = 0 r xy = -0.1286 MPa 6 = 115° 
<j x + a-y cr x — cr y 

a x > =-—-1---cos 26 + r xy sin 26 

2.2857 + 0 2.2857 - 0 _ , ^ 

cr x ' =---1---cos 230 + (-0.1286)sin 230 


= 0.507 MPa 


® x ® y 

T x 'y' = -—-sin 26 + r xy cos 26 

f 2 2857 — 0 \ 

= —--Jsin230° + (-0.1286)cos 230° 

= 0.958 MPa 


Ans. 


Ans. 




+ 


2M, 




i 
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*9-24. The wood beam is subjected to a load of 12 kN. 
Determine the principal stress at point A and specify the 
orientation of the element. 


12 kN 




200 mm 


7 = T (0.2)(0.3) 3 = 0.45(10 -3 ) m 4 

Qa = yA' = 0.1125(0.2)(0.075) = 1.6875(10 -3 ) m 3 
My A 13.714(10 3 )(0.075) 


o'a = 


?a 


I 0.45(10“ 3 ) 

VQ a 6.875(10 3 )(1.6875)(1CT 3 ) 


= 2.2857 MPa (T) 


It 


0.45(10“ 3 )(0.2) 


= 0.1286 MPa 


d x = 2.2857 MPa cr y = 0 r xy = -0.1286 MPa 


cr x + cr v 


°T,2 




+ rt 


2 -2857 + 0 ±A /f 2.2857 - 0 y + ( _ al286)2 


a ! = 2.29 MPa 
d 2 = -7.20 kPa 


0 _ -0.1286 
tan 6p ~ (a x - a y )/2 " (2.2857 - 0)/2 


6 p = -3.21° 


Check direction of principal stress: 


a x + cT y a x - (Jy 

-1-cos 26 + T, v sin 26 

2 2 xy 


2.2857 + 0 + Z2857-0^ ^_ 6 42 ^ _ 0 12g5 sin (_ 642 ) 


= 2.29 MPa 


Ans. 

Ans. 
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•9-25. The bent rod has a diameter of 20 mm and is 
subjected to the force of 400 N. Determine the principal 
stress and the maximum in-plane shear stress that is 
developed at point A. Show the results on a properly 
oriented element located at this point. 



Using the method of sections and consider the FBD of the rod’s left cut segment, 
Fig. a. 

= 0; TV - 400 = 0 N = 400 N 
C +SM C = 0; 400(0.25) - M = 0 M = 100 N • m 

A = 77 ( 0 .01 2 ) = 0.1(10~ 3 ) 77 m 2 

I (0.01 4 ) = 2.5(10“ 9 )t 7 m 4 

The normal stress developed is the combination of axial and bending stress. Thus, 

N My 
a = — ± -r- 


For point A, y = C = 0.01 m. 

400 _ 100(0.01) 

17 ~ 0.1(10~ 3 )t7 2.5(10~ 9 )t7 

= -126.05 (10 6 )Pa = 126.05 MPa (C) 

Since no torque and transverse shear acting on the cross - section, 

r = 0 


The state of stress at point A can be represented by the element shown in Fig. b 

Here, a x = -126.05 MPa, a y = 0 and r xy = 0. Since no shear stress acting on the 
element 


(T\ = (T y = 0 (t 2 = cr x = —126 MPa 


Ans. 


Thus, the state of principal stress can also be represented by the element shown in Fig. b. 


( 7 X - o - y \2 


+ T X y = 


-126.05 - 0 


+ 0 2 = 63.0 MPa Ans. 


(a x - a y )/2 (-126.05 - 0)/2 

tan 26, = --— = ----— = oo 




6 S = 45° and -45° 
<r x ~ (T 


y 

—-sin 20 + r xy cos 20 


-126.05 - 0 . _ ^ 

---sin 90 + 0 cos 90 


= f) 3 0= 

uu.u m-pla: 
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9-25. Continued 


This indicates that j^Ve acts toward the positive sense of y' axis at the face of 
element defined by 6 S = 45° 


(Jy + cr v 


-126.05 + 0 


= -63.0 MPa 


Ans. 


The state of maximum In - plane shear stress can be represented by the element 
shown in Fig. c 






U0IAFa fc-OAIft 
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9-26. The bracket is subjected to the force of 3 kip. 
Determine the principal stress and maximum in-plane 
shear stress at point A on the cross section at section a-a. 
Specify the orientation of this state of stress and show the 
results on elements. 


Internal Loadings: Consider the equilibrium of the free - body diagram from the 
bracket’s left cut segment, Fig. a. 

= 0; TV - 3 = 0 TV = 3 kip 

2TW 0 = 0; 3(4) - M = 0 M = 12 kip • in 


a 0.25 in. 
A I 


0.25 in. - 


2 in. 


I 


1 in. 1 


0.25 in. 


Section a-a 



Normal and Shear Stresses: The normal stress is the combination of axial and 
bending stress. Thus, 


a 


N_ 

A 


My 

~r 


The cross - sectional area and the moment of inertia about the z axis of the bracket’s 
cross section is 

A = 1(2) - 0.75(1.5) = 0.875 in 2 
1 = ~ 4 (0 - 75) ( L53 ) = 0.45573 in 4 


For point A, y = 1 in. Then 


3 

aA ~ 0.875 


(-12)(1) 

0.45573 


29.76 ksi 


Since no shear force is acting on the section, 

TA = 0 

The state of stress at point A can be represented on the element shown in Fig. b. 

In - Plane Principal Stress: a x = 29.76 ksi, a y = 0, and r xy = 0. Since no shear 
stress acts on the element, 


a 1 = a x = 29.8 ksi a 2 = cr y = 0 


Ans. 


The state of principal stresses can also be represented by the elements shown in Fig. b 

Maximum In - Plane Shear Stress: 


max 

m-plane 


°x ~ Vy \ 2 


+ r xy 


29.76 - 0 


+ 0 2 = 14.9 ksi 


Ans. 


Orientation of the Plane of Maximum In - Plane Shear Stress: 

(ov - o- y )/2 (29.76 - 0)/2 


tan 26 = — - 


0 


6 v = -45° and 45° 


Ans. 
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9-26. Continued 

Substituting 6 = -45° into 


^ X Vy 

T x y = ---sin 26 + r xy cos 20 


29.76 - 0 . , „ 

---sm(—90°) + 0 


= 14.9 ksi = t 


in-plane 


This indicates that r is directed in the positive sense of the y' axes on the ace 

max. A ^ 

in-plane 

of the element defined by 0 S = -45°. 


Average Normal Stress: 


a x + o-y 29.76 + 0 _ „. . 

cr aV a = - --= - - - = 14.9 ksi 


Ans. 


The state of maximum in - plane shear stress is represented by the element shown in 
Fig. c. 





(#0 
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9-27. The bracket is subjected to the force of 3 kip. 
Determine the principal stress and maximum in-plane 
shear stress at point B on the cross section at section a-a. 
Specify the orientation of this state of stress and show the 
results on elements. 



Internal Loadings: Consider the equilibrium of the free - body diagram of the 
bracket’s left cut segment, Fig. a. 

1,F X = 0; IV - 3 = 0 N = 3kip 


a 


A 


0.25 in. 


T 

_L 


2 ii 



0.25 in. 


EM 0 = 0; 3(4) - M = 0 


M = 12 kip-in 


Section a-a 


Normal and Shear Stresses: The normal stress is the combination of axial and 
bending stress. Thus, 


N My 


The cross - sectional area and the moment of inertia about the z axis of the bracket’s 
cross section is 


A = 1(2) - 0.75(1.5) = 0.875 in 2 
/ = Ul)(2 3 ) - T(o. 75 )(i. 5 3 ) = 0.45573 in 4 


12 v /v ’ 12 

For point B,y = —1 in. Then 

3 (—12)(—1) . 

a n = -= —22.90 ksi 

B 0.875 0.45573 

Since no shear force is acting on the section, 

t b = 0 

The state of stress at point A can be represented on the element shown in Fig. b. 

In - Plane Principal Stress: a x = -22.90 ksi, cr y = 0, and r xy = 0. Since no shear 
stress acts on the element, 

cti = cr y = 0 (r 2 = (T x = —22.90 ksi Ans. 

The state of principal stresses can also be represented by the elements shown in Fig. b. 

Maximum In - Plane Shear Stress: 

-22.90 - 0\ 2 


max 

m-plane 


°x ~ °y \ 2 


+ T xy 2 = 


+ O 2 = 11.5 ksi 


Ans. 


Orientation of the Plane of Maximum In - Plane Shear Stress: 

. _ K-<r y )/2 (-22.9-0)/2 

tan 20, = -=---= — oc 


0 v = 45° and 135° 


Ans. 
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9-27. Continued 


Substituting 6 = 45° into 


® x ® y 

t x ' y ' =---sin 26 + r xy cos 26 



sin 90° + 0 


= 11.5 ksi = r 

max. 

m-plane 


This indicates that r is directed in the positive sense of the y' axes on the 

max. 1 y 

m-plane 

element defined by 0 S = 45°. 


Average Normal Stress: 


a x + <Ty -22.9 + 0 „„ _ . 

<x av „ =---=---= -11.5 ksi 


Ans. 


The state of maximum in - plane shear stress is represented by the element shown in 
Fig. c. 
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*9-28. The wide-flange beam is subjected to the loading 
shown. Determine the principal stress in the beam at point A 
and at point B. These points are located at the top and 
bottom of the web, respectively. Although it is not very 
accurate, use the shear formula to determine the shear stress. 


8 kN/m 


Internal Forces and Moment: As shown on FBD(a). 

Section Properties: 

A = 0.2(0.22) - 0.19(0.2) = 6.00(l0~ 3 ) m 2 
7 = T(0.2)(0.22 3 ) - T(0.19)(0.2 2 ) = 50.8(l0“ 6 )m 4 





Qa = Qb = y'A' = 0.105(0.01)(0.2) = 0.210(l0~ 3 ) : 

Normal Stress: 

N My 

(T = A ± ~r 

_ 21.65(10 3 ) 73.5(10 3 )(0.1) 

6.00(10“ 3 ) 50.8(10~ 6 ) 

<r A = 3.608 + 144.685 = 148.3 MPa 

a B = 3.608 - 144.685 = -141.1 MPa 

VQ 

Shear Stress: Applying the shear formula r = . 





b 



fl 


T A = t b 


36.5(10 3 )[0.210(10“ 3 )] 

50.8(10 _6 )(0.01) 


Pom 7 / 


= 15.09 MPa 


In - Plane Principal Stress: cr x = 148.3 MPa, cr y = 0, and r xy = -15.09 MPa for 
point A. Applying Eq. 9-5. 


°T,2 - 


a x + a y 
2 ± 

148.3 + 0 


<r x ~ v y \ 2 


+ r 


xy 


148.3 - 0 


2 V V 2 

= 74.147 ± 75.666 

ai = 150 MPa o- 2 = -1.52 MPa 


+ (-15.09) 2 


Ans. 


cr x = —141.1 MPa, a y = 0, and r xy = -15.09 MPa for point B. Applying Eq. 9-5. 


a Y + a v 


a \,2 ~ 


2 

-141.1 + 0 


<r x ~ 0 'y ^ 2 


+ r 


xy 


(-141.1) - 0 


2 V V 2 

= -70.538 ± 72.134 
o-! = 1.60 MPa o- 2 = -143 MPa 


+ (-15.09) 2 


Ans. 
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•9-29. The wide-flange beam is subjected to the loading 
shown. Determine the principal stress in the beam at 
point A, which is located at the top of the web. Although 
it is not very accurate, use the shear formula to determine 
the shear stress. Show the result on an element located at 
this point. 


Using the method of sections and consider the FBD of the left cut segment of the 
bean, Fig. a 

+ = 0; V - 2 (90)(0.9) - 30 = 0 V = 70.5 kN 

C +SM C = 0; \ (90)(0.9)(0.3) + 30(0.9) - M = 0 M = 39.15 kN • m 

The moment of inertia of the cross - section about the bending axis is 


30 kN 



120 kN/m 


-0.9 m- 


-0.3 m- 


20 mm—- — 


i X 20 mm 
150 mm 
-20 mm 


b—H ' 

150 mm 


7 = T ( o.15)(0.19 3 ) 


Jl^ 

12 


(0.13)(0.15 3 ) = 49.175(10“ 6 ) m 4 


Referring to Fig. b , 

Qa = y'A' = 0.085 (0.02)(0.15) = 0.255 (10- 3 ) m 3 

The normal stress developed is contributed by bending stress only. For point A, 
y = 0.075 m. Thus, 


My _ 39.15(10 3 )(0.075) 
1 49.175(10 -6 ) 



= 59.71(10 6 )Pa = 59.71 MPa (T) 


The shear stress is contributed by the transverse shear stress only. Thus 
VQ a 70.5(10 3 ) [0.255(10- 3 )] 


(a.) 


It 


49.175(10 -6 ) (0.02) 


= 18.28(10 b )Pa = 18.28 MPa 


Here, a x = 59.71 MPa, cr y = 0 and r xy = 18.28 MPa. 


2 “ 


<r x + a y (<r x ~ <r y \ 2 

—2 ± V V 2 ) + Txy 


= 29.86 ± 35.01 

ai = 64.9 MPa o- 2 = -5.15 MPa 
^xy 18.28 


Ans. 


tan 26 P = 


(a x - a y )/2 (59.71 - 0)/2 


= 0.6122 


6 P = 15.74° and -74.26° 


Substitute 6 = 15.74°, 


cr x + cr y a x - a y 
-—-1-—-cos 26 + r xy sin 26 


59,71 ) + 0 + 59 ' 7 *—- cos 31.48° + 18.28 sin 31.48° 
2 2 


= 64.9 MPa = (j! 
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9-29. Continued 

Thus, 

(Op)! = 15.7° (0p) 2 = -74.3° Ans. 

The state of principal stress can be represented by the element shown in Fig. d 



Cb) 



CC) 


5-I5MPa 



Cd) 
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9-30. The cantilevered rectangular bar is subjected to the 
force of 5 kip. Determine the principal stress at points A 
and B. 


I = — (3)(6 3 ) = 54 in 4 A = (6)(3) = 18 in 2 

Q a = 2.25(1.5)(3) = 10.125 in 3 Q B = 2(2)(3) = 12 in 3 
Point A: 

P M x z 4 45(1.5) 


^ = / 


18 54~^ = 1,472 ksi 


V z Qa 3(10.125) . 

t a =-= —~ 7 ~— = 0.1875 ksi 

A It 54(3) 

(j x = 1.472 ksi 
cr Y + a v 


dy = 0 r xy = 0.1875 ksi 


°"i,2 - 


<r x ~ 0 'y ^ 2 


+ Tr 


1.472 + 0 


1.472 - 0 


+ 0.1875 2 


a i = 1.50 ksi 
a 2 = -0.0235 ksi 


Point B : 


P M x z 4 45(1) . 

= ——=-0. 6111k s l 

V z Q b 3(12) 

^ = ^r = 54(3) = 0 - 2222ksi 
(t y = —0.6111 ksi 


°T,2 


(7 Y + (7 v 


0.611 + 0 


(7y = 0 

<r x ~ a y \ 2 


T xy = 0.2222 ksi 


+ r x 


-0.6111 - 0 


+ 0.222 2 


a ! = 0.0723 ksi 
(7 2 = —0.683 ksi 




Ans. 

Ans. 


Ans. 

Ans. 
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9-31. Determine the principal stress at point A on the 
cross section of the arm at section a-a. Specify the 
orientation of this state of stress and indicate the results on 
an element at the point. 

Support Reactions: Referring to the free - body diagram of the entire arm shown 
in Fig. a , 


7.5 mm 


7.5 mm 


= 0; F cd sin 30°(0.3) - 500(0.65) = 0 


^ ZF X = 0 ; 

+ T = 0; 




2166.67 cos 30° = 0 


F cd = 2166.67 N 
B x = 1876.39 N 


2166.67 sin 30° - 500 - B= 0 B v = 583.33 N 


Internal Loadings: Consider the equilibrium of the free - body diagram of the 
arm’s left segment, Fig. b. 


^ ZF X = 0; 
+ t2F y = 0; 
+ 2M 0 = 0; 


1876.39 - N = 0 
V - 583.33 = 0 
583.33(0.15) - M = 0 


N = 1876.39 N 
V = 583.33 N 
M = 87.5N • m 


Section Properties: The cross - sectional area and the moment of inertia about the z 
axis of the arm’s cross section are 


m 


A = 0.02(0.05) - 0.0125(0.035) = 0.5625(l0~ 3 )r 
7 = T (0.02)(0.05 3 ) - j- (0.0125)(0.035 3 ) = 0.16367(l0 _6 )m 4 


Referring to Fig. 6, 


Q a = y'A' = 0.02125(0.0075)(0.02) = 3.1875(l0 6 ) i 


Normal and Shear Stress: The normal stress is a combination of axial and bending 
stress. Thus, 

N ^ My A 
aA= A + — 

-1876.39 87.5(0.0175) 

+-—- - = 6.020 MPa 


0.5625(l0“ 3 ) 0.16367(l0“ 6 ) 

The shear stress is caused by transverse shear stress. 

VQ a 583.33[3.1875(l0~ 6 )] 


ta 


= 1.515 MPa 


n 0.16367(l0~ 6 )(0.0075) 

The share of stress at point A can be represented on the element shown in Fig. d. 

In - Plane Principal Stress: cr x = 6.020 MPa, a y = 0, and r xy = 1.515 MPa. We have 
o- x + o- y jf (T x - a y \2 

°T,2 z 


2 

6.020 + 0 


+ r Y 


6.020 - 0V 


2 V V 2 

(j\ = 6.38 MPa cr 2 = -0.360 MPa 


+ 1.515 2 


Ans. 


G t 


50 mm 


r ' 



t 

7.5 mm 


20 mm 
Section a-a 
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9-31. Continued 

Orientation of the Principal Plane: 

T r 


tan 2 6p = 


1 xy 


1.515 


( a x - * y )/2 ( 6.020 - 0)/2 


= 0.5032 


e p = 13.36° and 26.71° 

Substituting 0 = 13.36° into 

a x + cr y a x - a y 

cr x ' =---1--- cos 20 + T xy sin 20 

6.020 - 0 6.020 + 0 

=---+---cos 26.71° + 1.515 sin 26.71° 

2 2 

= 6.38 MPa = fj] 

Thus, ($p)i = 13.4 and (o P ) 2 = 26.71° Ans. 

The state of principal stresses is represented by the element shown in Fig. e. 


& 


yo 


\ ^ CI> 0 
%C 30 

C * t * 1 >* yTy 




O' dm 

\ 





O'02 m 



HLlb 




OJboMp* 


(<*> 



CO 


(?) 
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*9-32. Determine the maximum in-plane shear stress 
developed at point A on the cross section of the arm at 
section a-a. Specify the orientation of this state of stress and 
indicate the results on an element at the point. 


7.5 mm 


7.5 mm 


s t 


50 mm 


r ' 



t 

7.5 mm 


20 mm 


Support Reactions: Referring to the free - body diagram of the entire arm shown 
in Fig. a , 

^M b = 0; F cd sin 30°(0.3) - 500(0.65) = 0 F CD = 2166.67N 

1,F X = 0; B x - 2166.67 cos 30° = 0 B x = 1876.39 N 

+ !2F V = 0; 2166.67 sin 30° - 500 - B y = 0 B y = 583.33 N 

Internal Loadings: Considering the equilibrium of the free - body diagram of the 
arm’s left cut segment, Fig. b , 


Section a-a 



2 F x = 0; 1876.39 - N = 0 

+ t2F^ = 0; V - 583.33 = 0 


N = 1876.39 N 
V = 583.33 N 


+ SM C = 0; 583.33(0.15) - M = 0 


M = 87.5 N • m 


Section Properties: The cross - sectional area and the moment of inertia about the z 
axis of the arm’s cross section are 

A = 0.02(0.05) - 0.0125(0.035) = 0.5625(l0~ 3 )m 2 
/ = T (0.02)(0.05 3 ) - T (0. 012 5)(0.035 3 ) = 0.16367(l0“ 6 ) m 4 

Referring to Fig. 6, 

Q ,i = y'A' = 0.02125(0.0075)(0.02) = 3.1875(l0~ 6 )m 3 

Normal and Shear Stress: The normal stress is a combination of axial and bending 
stress. Thus, 



MyA 

i 


-1876.39 87.5(0.0175) 

0.5625(l0“ 3 ) 0.16367(l0“ 6 ) 


6.020 MPa 


The shear stress is contributed only by transverse shear stress. 


VQ a 583.33[3.1875(l0~ 6 )] 
0.16367(l0~ 6 )(0.0075) 


1.515 MPa 


Maximum In - Plane Shear Stress: a x = 6.020 MPa, <x v = 0, and r xy = 1.515 


iax. = 
l-plane 


<?x ~ o >\ 2 


+ Txy 2 = 


6.020 - 0Y 


+ 1.515 2 = 3.37 MPa 


MPa. 

Ans. 
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9-32. Continued 

Orientation of the Plane of Maximum In - Plane Shear Stress: 

( a x - a )/2 ( 6.020 - 0)/2 

tan 20, = --— = -- _ " = -1.9871 


1.515 


6 S = -31.6° and 58.4° 
Substituting 6 = -31.6° into 


Ans. 


Ui' & y 

T xy = - 2 — S ^ n ^ + Tx y cos ^ 


6.020 - 0 


sin(-63.29°) + 1.515 cos(-63.29°) 


= 3.37 MPa = r 


m-plane 


This indicates that r is directed in the positive sense of the y' axis on the face 

max. r y 

m-plane 

of the element defined by 6 S = -31.6°. 


Average Normal Stress: 


a x + a y 6.020 + 0 

O'avg = - z -=-^-= 3.01 MPa 


Ans. 


The state of maximum in - plane shear stress is represented on the element shown in 
Fig. e. 


S-o/MP*. 



Cej 
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•9-33. The clamp bears down on the smooth surface at E 
by tightening the bolt. If the tensile force in the bolt is 40 
kN, determine the principal stress at points A and B and 
show the results on elements located at each of these 
points. The cross-sectional area at A and B is shown in the 
adjacent figure. 


Support Reactions: As shown on FBD(a). 

Internal Forces and Moment: As shown on FBD(b). 

Section Properties: 

1 = F ^ 0 ' 03 -* (°- 053 ) = °' 3125 ( lcr6 ) m4 

Qa = 0 

Qb = y'A' = 0.0125(0.025)(0.03) = 9.375(lCT 6 ) m 3 


Normal Stress: Applying the flexure formula a 


My 

~Y m 


2.40(10 3 )(0.025) 

0.3125(1(T 6 ) 


-192 MPa 


2.40(10 3 )(0) 

0.3125(1(T 6 ) 



50 mm 


,4m 

30 mm Q 4 

Tb I 


25 mm 


Shear Stress: Applying the shear formula r 


VQ 

It 


24.0(10 3 )(0) 

0.3125(1(T 6 )(0.03) 

24.0(10 3 )[9.375(1(T 6 )] 

0.3125(l(T 6 )(0-03) 


24.0 MPa 


In - Plane Principal Stresses: cr x = 0, a y = -192 MPa, and r xy = 0 for point A. 
Since no shear stress acts on the element. 


cix = d x = 0 Ans. 

a 2 = cr y = —192 MPa Ans. 


a x = (T y = 0 and r xy = -24.0 MPa for point B. Applying Eq. 9-5 



= 0 ± Vo + (-24.0) 2 

= 0 ± 24.0 


ai = 24.0 a 2 = —24.0 MPa Ans. 
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9-34. Determine the principal stress and the maximum in¬ 
plane shear stress that are developed at point A in the 
2-in.-diameter shaft. Show the results on an element located 
at this point. The bearings only support vertical reactions. 


3000 lb 




Using the method of sections and consider the FBD of shaft’s left cut segment, Fig. a , 
A 1,F X = 0; N - 3000 = 0 N = 3000 lb 


+ t2F y = 0; 


75 - V = 0 V = 75 lb 


c +2M C = 0; M — 75(24) = 0 M = 1800 lb • in 


A = Tr(l 2 ) = nm 2 7 = J( l 4 ) = ^in 4 


Also, 

Qa = 0 

The normal stress developed is the combination of axial and bending stress. Thus 

N My 
tr= A ± ~ 

For point A, y = C = 1 in. Then 

3000 1800(1) 

(T = - J— 

77 77/4 

= -1.337 (10 3 ) psi = 1.337 ksi (c) 

The shear stress developed is due to transverse shear force. Thus, 


It 


= 0 


The state of stress at point A, can be represented by the element shown in Fig. b. 

Here, a x = -1.337 ksi, cr y = 0 is r xy = 0. Since no shear stress acting on the 
element, 


(Ji = cr y = 0 (t 2 = (T x = —1.34 ksi 


Ans. 


Thus, the state of principal stress can also be represented by the element shown in Fig. b. 


T 

. max = 
m-prane 


= 

2 J xy 


-1.337 - 0 


+ 0 2 = 0.668 ksi - 668 psi Ans. 


( a x - a y )/2 (- 1.337 - 0)/2 

tan 20, = -= ----— = oo 


0 S = 45° 
Substitute 0 = 45°, 


1 xy 

and -45° 


® x & y 

-—-sin 20 + r xy cos 20 


-1 337 - 0 

-—-sin 90° + 0 


= 0.668 ksi = 668 psi = S a: 


Ans. 


300 lb 


24 in. 


-12 in- 


3000 lb 


-12 in- 
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9-34. Continued 


7 

This indicates that g^ane acts toward the positive sense of y' axis at the face of the 
element defined by 0 S = 45°. 

Average Normal Stress. 

The state of maximum in - plane shear stress can be represented by the element 
shown in Fig. c. 


3001b 



dOOOlb C 

{ f - 

M 

f J 


j Zffh. 

V 


75lb 

ca.) 



hbbltei 



CC) 
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9-35. The square steel plate has a thickness of 10 mm and 
is subjected to the edge loading shown. Determine the 
maximum in-plane shear stress and the average normal 
stress developed in the steel. 

a x = 5 kPa a y = —5 kPa r xy = 0 



<*x + <r y 5_5 
<7avg = 3 = ~2~ 

Note: 


tan 20 v = 


~(a x - <T y )/2 


1 xy 


-(5 + 5)/2 

tan 20, = ---= oo 


0, = 45° 


50 N/m 


200 mm 


Ans. 


Ans. 


-200 mm- 


50 N/m 



*9-36. The square steel plate has a thickness of 0.5 in. and 
is subjected to the edge loading shown. Determine the 
principal stresses developed in the steel. 

cr x = 0 a y = 0 r xy = 32 psi 



= 0 ± Vo + 32 2 

(j\ = 32 psi 
a 2 — —32 psi 

Note: 


tan 2 0 p 


(<J X - <Ty )/2 


32 

0 


0 p = 45° 


Ans. 

Ans. 
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•9-37. The shaft has a diameter d and is subjected to the 
loadings shown. Determine the principal stress and the 
maximum in-plane shear stress that is developed at point A. 
The bearings only support vertical reactions. 



Support Reactions: As shown on FBD(a). 

Internal Forces and Moment: As shown on FBD(b). 
Section Properties: 


A = —d 2 


Normal Stress: 


/ = 77 (A = 

4 \2J 64 


N Me 

a = A ± ~r 

- F f (j) 

7L 77 

(1 r A a 


<?A 


4 u 64 

4 (2 PL 


- F 


77d 2 \ d 

Shear Stress: Since Q A = 0, t a = 0 


4 (2PL 

In - Plane Principal Stress: a x = ^- F 


Qa = 0 


ix-Hr-f 


z 


z L 

i 

f r —\— 


z 


»■ 


Point A 


(j y = 0 and r xy = 0 for point A. Since no shear stress acts on the element, 

4 ( 2PL 17 

cr 2 = cry = 0 

Maximum In - Plane Shear Stress: Applying Eq. 9-7 for point A, 


. max — 
m-plane 


<*x - °>\ 2 , 

+ Txy 


'iff +0 


Ans. 

Ans. 


2 (2 PL 

77 d 2 \ d 


Ans. 
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9-38. A paper tube is formed by rolling a paper strip in 
a spiral and then gluing the edges together as shown. 
Determine the shear stress acting along the seam, which is 
at 30° from the vertical, when the tube is subjected to an 
axial force of 10 N. The paper is 1 mm thick and the tube has 
an outer diameter of 30 mm. 


_P_ _ 10 

a ~ A ~ f (0.03 2 - 0.028 2 ) 

(j x = 109.76 kPa cr y = 0 


109.76 kPa 
r xy = 0 6 = 30° 



sin 26 + r xy cos 26 


106.76 - 0 
2 


sin 60° + 0 = -47.5 kPa 



30 mm 


Ans. 


(OM */* 



9-39. Solve Prob. 9-38 for the normal stress acting 
perpendicular to the seam. 


P 

a = — = 


10 


A f (0.03 2 - 0.028 2 ) 


= 109.76 kPa 


CT X + CTy a x - (Ty 

---1-—-cos 26 + r xy sin 26 


109.76 + 0 109.76 - 0 ^ ^ 

-—-1--—-cos (60 ) + 0 — 82.3 kPa 




10N 



10N 


30 mm 


Ans. 
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*9-40. Determine the principal stresses acting at point A 
of the supporting frame. Show the results on a properly 
oriented element located at this point. 



X = 

I = 


2yA _ 0.065(0.13)(0.015) + 0.136(0.15)(0.012) _ 

HI “ 0.13(0.015) + 0.15(0.012) “ °'° 991 m 

T (0.015)(0.13 3 ) + 0.015(0.13)(0.0991 - 0.065) 2 
+ T (0.15)(0.012 3 ) + 0.15(0.012)(0.136 - 0.0991) 2 = 7.4862(10~ 6 ) m 4 


Qa = 0 

A = 0.13(0.015) + 0.15(0.012) = 3.75(10~ 3 ) m 2 


Normal stress: 

P Me 
a ~ A + I 

—3.6(10 3 ) 5.2767(10 3 )(0.0991) 

<JA 3.75(10“ 3 ) 7.4862(10 -6 ) 


-70.80 MPa 


Shear stress: 


TA = 0 


Principal stress: 

(j\ = 0 Ans. 

a 2 = -70.8 MPa Ans. 




7oOhP* 
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•9-41. Determine the principal stress acting at point B , 
which is located just on the web, below the horizontal 
segment on the cross section. Show the results on a properly 
oriented element located at this point. Although it is not very 
accurate, use the shear formula to calculate the shear stress. 


_ EyA 0.065(0.13)(0.015) + 0.136(0.15)(0.012) 


y = 


I = 


2A 
1 


12 


0.13(0.015) + 0.15(0.012) 
(0.015)(0.13 3 ) + 0.015(0.13)(0.0991 - 0.065) 2 


= 0.0991 m 


+ T (0.15)(0.012 3 ) + 0.15(0.012)(0.136 - 0.0991) 2 = 7.4862(10“ 6 ) m 4 


12 


A = 0.13(0.015) + 0.15(0.012) = 3.75(10~ 3 ) m 2 


Normal stress: 


P Me 
a ~ A + I 


3.6(10 3 ) 5.2767(10 3 )(0.130 - 0.0991) 

a B = - 7 —4- +--— - 7 -- = 20.834 MPa 

3.75(10 -3 ) 7.4862(10 -6 ) 

Shear stress: 

_VQ _ —4.8(10 3 )(0.0369)(0.15)(0.012) 

TB 11 7.4862(10“ 6 )(0.015) 

Principal stress: 


= -2.84 MPa 


CJ \2 ~ 


20.834 + 0 


20.834 - 0 \ 2 


+ (-2.84) 2 


O'! = 21.2 MPa 
o - 2 = -0.380 MPa 
-2.84 


tan2( ^= ( 20.834 - (A 


Ans. 

Ans. 


6 p = -7.63° 


Ans. 




—Oh 


J.S 6M. Hh 
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9-42. The drill pipe has an outer diameter of 3 in., a wall 
thickness of 0.25 in., and a weight of 50 lb/ft. If it is 
subjected to a torque and axial load as shown, determine 
(a) the principal stress and (b) the maximum in-plane shear 
stress at a point on its surface at section a. 


Internal Forces and Torque: As shown on FBD(a). 


Section Properties: 


A = y (3 2 - 2.5 2 ) = 0.687577 in 2 
J = y (l-5 4 - 1.25 4 ) = 4.1172 in 4 


Normal Stress: 


(T 


N_ 

A 


-2500 

0.687577 


-1157.5 psi 


Shear Stress: Applying the torsion formula. 


T c _ 800(12)(1.5) 
~T ~ 4.1172 


3497.5 psi 


a) In - Plane Principal Stresses: a x = 0, a y = -1157.5 psi and r xy = 3497.5 psi for 
any point on the shaft’s surface. Applying Eq. 9-5. 


°T,2 ~ 


O-* + 0> f<Tx ~ <M 2 , 

2 ± V V 2 J +T ^ 


0 + (-1157.5) /0 - (-1157.5)\ 2 

=— 4 ± v (— 4 —) + (3497 - 5) 

= -578.75 ± 3545.08 
cr i = 2966 psi = 2.97 ksi 
(j 2 = -4124 psi = -4.12 ksi 

b) Maximum In - Plane Shear Stress: Applying Eq. 9-7 


. max = 
m-plane 




+ TZ 


0 - (-1157.5)\ 2 


+ (3497.5) 2 


Ans. 

Ans. 


= 3545 psi = 3.55 ksi 


Ans. 


1500 lb 



20 ft 


20 ft 


/S ‘oo 

<^6ooik-/t 

SOCto)*/OOOtb 


I' 5 


Y 

fJ•I'iOO lb 

CZT=8ooit>ft 


I t 




n 


\W5PS* 
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9-43. Determine the principal stress in the beam at 
point A. 


60 kN 



50 mm 


150 kN 


• A 


-0.5 m - 


-0.25 m- 


Zk 1501 

3 / 

60 mm 


Using the method of sections and consider the FBD of the beam’s left cut segment, 
Fig. a, 

^'2F X = 0; 150 - N = 0 N = 150 kN 

+ 127^ = 0; V - 60 = 0 V=60kN 

c +SM C = 0; 60(0.5) ~ M = 0 M = 30 kN • m 

A = 0.06(0.15) = 0.009 m 2 

7 = 3 - (0.06)(0.15 3 ) = 16.875(1Q- 6 ) m 4 


Referring to Fig. b , 

Q a = y’A’ = 0.05 (0.05)(0.06) = 0.15(10“ 3 ) m 3 
The normal stress developed is the combination of axial and bending stress. Thus 



For point A, y = 0.075 - 0.05 = 0.025 m. Then 

_ —150(10 3 ) 30(10 3 )(0.025) 

a 0.009 16.875(10- fi ) 

= —61.11(10 6 ) Pa = 61.11 MPa (c) 

The shear stress developed is due to the transverse shear, Thus, 
VQ a 60(10 3 )[0.15(10 -3 )] 


It 


16.875(10- 6 ) (0.06) 


= 8.889 MPa 


Here, a x = —61.11 MPa, cr y = 0 and r xy = 8.889 MPa, 


cr x + (T v 


(T\,2- 


(T x ~ (Ty \ 2 


+ r 


xy 


=^f^ ± V( z ^T + 88892 

= -30.56 ± 31.82 

cri = 1.27 MPa o- 2 = -62.4 MPa 

Ug; 8.889 


tan 2 Op — 


(a x - a y )/2 (-61.11 - 0)/2 


= -0.2909 


Op = -8.11° and 81.89° 


Ans. 
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9-43. Continued 


Substitute 0 = -8.11°, 

a x + (T y (J x 

(J x ' = --- 1 - 

x 2 

-61.11 + 0 


- (Ty 

— -cos 20 + r xy sin 20 

_/ri _ rj 

- — -cos (-16.22°) + 8.889 sin (-16.22°) 


= -62.4 MPa = o- 2 


Thus, 


(Op), = 81.9° (0 P ) 2 = -8.11° 

The state of principal stresses can be represented by the elements shown in Fig. (c) 


6oM 





to 
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*9-44. Determine the principal stress at point A which is 
located at the bottom of the web. Show the results on an 
element located at this point. 

Using the method of sections, consider the FBD of the bean’s left cut segment, Fig. a , 
+ 1 2F y = 0; V - 1 (100)(0.6) = 0 V = 30 kN 

C +SM C = 0; 1 (100)(0.6)(0.2) - M = 0 M = 6 kN • m 

/ = T (0.15)(0.22 3 ) - T (0.14)(0.2 3 ) = 39.7667(10 -6 ) m 4 



150 mm 


Referring to Fig. b 

Q a = y'A' = 0.105 (0.01)(0.15) = 0.1575(10~ 3 ) m 3 


The normal stress developed is due to bending only. For point A, y = 0.1 m. Then 

M y 6 ( 10 3 )( 0 . 1 ) 


39.7667(10~ 6 ) 


= 15.09(10 b )Pa = 15.09 MPa (c) 


The shear stress developed is due to the transverse shear. Thus, 
VQ a 30(10 3 )[0.1575(10 -3 )] 


It 


39.7667(10~ 6 )(0.01) 


= 11.88(10 6 )Pa = 11.88 MPa 


Here, a x = —15.09 MPa, cr y = 0 And r xy = 11.88 MPa. 


°T,2 


cr Y + a v 


-15.09 + 0 


°x - 


+ Tt 


-15.09 - 0 


+ 11.88 2 


= -7.544 ± 14.074 


cr ! = 6.53 MPa a 2 = -21.6 MPa 

_ T vy _ 11.88 

P (a x — (Ty)/2 (—15.09 — 0)/2 

e P = -28.79° and 61.21° 


-1.575 


Ans. 


Substitute 0 = 61.21°, 

a x + a y a x 

(T x ’ = --- 1 - 

x 2 

-15.09 + 0 
2 + 

= 6.53 MPa = (T\ 


~ (Ty 

— -cos 20 + r xv sin 20 

2 y 

-15.09 - 0 

---cos 122.42° + 11.88 sin 122.42° 


Thus, 


(0p) x = 61.2° (0 P ) 2 = -28.8° Ans. 

The state of principal stresses can be represented by the element shown in Fig. d. 
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9-44. Continued 
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•9-45. Determine the maximum in-plane shear stress in 
the box beam at point A. Show the results on an element 
located at this point. 


Using the method of section, consider the FBD, of bean’s left cut segment, Fig. a, 
+ t2F y = 0; 8 - 10 + V = 0 V = 2kip 

Q+1M C = 0; M + 10(1.5) - 8(3.5) = 0 Af = 13kip-ft 

The moment of inertia of the cross - section about the neutral axis is 


10 kip 



4 in. 
Hi 


4 in. J 


B 


3 in. 
3 in. 




6 in. 


1 = 12 (6)(63) “ 12 (4)(43) = 86 ’ 6667 in4 


Referring to Fig. b , 


Qa = 0 


The normal stress developed is contributed by the bending stress only. For point A, 
y = C = 3 in. 

M y 13(12)(3) 

a = ~r = “ 861&67 = 5 ' 40 kS ' (C) 

The shear stress is contributed by the transverse shear stress only. Thus 


It 


= 0 


The state of stress at point A can be represented by the element shown in Fig. c 
Here, a x = -5.40 ksi, a y = 0 and r xy = 0. 


in-pla 


(Tr - (T v \2 


+ Txy 2 ~ 


-5.40 - 0 


+ 0 2 = 2.70 ksi 


Ans. 


tan 2 6, = — 


(<r x - <r y )/2 (-5.4Q - 0)/2 


1 xy 


0 S = 45° and -45° 
Substitute 0 = 45°, 


—-sin 26 + r xy cos 26 


—540—o sin y(JO + Q 


= 2 70 ksi = T max 
z.. / u jx&i m-plane 


j 

This indicates that jg^fane acts 
element defined by 6 S = 45° 

c x + & y 

°"avg — 9 


toward the positive sense of y' axis at the face of 


-5.40 + 0 
2 


-2.70 ksi 


The state of maximum In - plane shear stress can be represented by the element 
shown in Fig. d. 
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9-45. Continued 
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8 tip (a) 
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5,40 ksi 

Cc) 
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9-46. Determine the principal stress in the box beam at 
point B. Show the results on an element located at this point. 

Using the method of sections, consider the FBD of bean’s left cut segment, Fig. a , 

+ t2F y = 0; 8 - 10 + V = 0 V = 2 kip 

c +SM C = 0; M + 10(1.5) - 8(3.5) = 0 M = 13 kip • ft 

1 = h (6)(63) ~ ii (4)(43) = 86 - 6667 in4 

Referring to Fig. b , 

Qb = 2y\A\ + J 2 A! 2 = 2[l(2)(l)] + 2.5(1)(6) = 19 in 3 
The normal stress developed is contributed by the bending stress only. For point B , 

y = o. 

My 

. = — = 0 

The shear stress is contributed by the transverse shear stress only. Thus 

VQs 2(10 3 )(19) . 

T It 86.6667(2) ' pS1 

The state of stress at point B can be represented by the element shown in Fig. c 
Here, cr x = cr y = 0 and r xy = 219.23 psi. 


10 kip 



a x + cr v 


< 71,2 


<?x ~ Cy \ 2 


2 V V 2 
= 0 ± Vo + 219.23 2 

cri = 219 psi (J 2 = -219 psi 
219.23 


+ T Y 


Ans. 


tan 2 0 P = 


0 


(<T X ~ CTy )/2 

6p = 45° and -45 


Substitute 0 = 45°, 


cr x + d y a x - <r y 
---1---cos 20 + r xy sin 20 


= 0 + 0 + 219.23 sin 90° 
= 219 psi = (t i 


Thus, 

(0 P ) i = 45° (0 P ) 2 = -45° Ans. 

The state of principal stress can be represented by the element shown in Fig. d. 


Ha 


4 in. J 


6 in. 


3 in. 
3 in. 
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9-46. Continued 
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9-47. The solid shaft is subjected to a torque, bending 
moment, and shear force as shown. Determine the principal 
stresses acting at point A. 


f x = / = y (0.025) 4 = 0.306796(10 fi ) m 4 


J = - (0.025) 4 = 0.613592(10~ 6 ) m 4 


Qa = 0 


M x c 60(0.025) 

a A = A— =----At- = 4.889 MPa 


?a = 


I 0.306796(10“ 6 ) 

45(0.025) 

J 0.613592(10“ 6 ) 


TyC 


= 1.833 MPa 


(j x = 4.889 MPa cr y = 0 r xy = —1.833 MPa 


< 71,2 


cr x + <7y fcr x - CTy \2 

2 ± V l 2 J +T ^ 


4889 + 0 4.889 - 0 y + ( _ L833)2 


o’] = 5.50 MPa 
o- 2 = -0.611 MPa 


*9-48. Solve Prob. 9-47 for point B. 


I x = I y = x (0.025) 4 = 0.306796(10~ 6 ) m 4 


J = - (0.025) 4 = 0.613592(10~ 6 ) m 4 


Q b = yA 1 = 4( ° 3 ^ 25 ' > (^Jir (0.025 2 ) = 10.4167(10~ 6 ) m 3 
cr B = 0 

V z Q b T y c 800(10.4167)(10“ 6 ) 45(0.025) 


300 N-m 


45 N-m 



800 N 





Ans. 

Ans. 


-Oh' 




300 N-m. 


45 N-m 



800 N 


?b = 


It J 
<r x = 0 

<r x + o\ 


0.306796(10 _6 )(0.05) 0.61359(10” 6 ) 


= -1.290 MPa 


(Ty = 0 


r X}; = -1.290 MPa 


°T,2 


tS 


<T X ~ (Ty\ 2 


+ T Y 


= 0 ± V(0) 2 + (-1.290) 2 
O'! = 1.29 MPa 
o- 2 = -1.29 MPa 


□i 


tz<)0 Hp A 


Ans. 

Ans. 
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•9-49. The internal loadings at a section of the beam are 
shown. Determine the principal stress at point A. Also 
compute the maximum in-plane shear stress at this point. 


Section Properties: 

A = 0.2(0.3) - 0.15(0.2) = 0.030 m 4 

I z = ^(0.2)(0.3 3 ) - T (0 .15)(o. 2 3 ) = 0.350(l0 -3 ) m 4 

7 , = T (0.l)(o.2 3 ) + T (0.2)(0.05 3 ) = 68.75(lO- fi ) m 4 
(Q A ) y = 0 



Normal Stress: 


_ N_ _ M_J_ MyZ 

_ —500(10 3 ) 40(10 3 )(0.15) -30(10 3 )(0.1) 

0.030 0.350(10“ 3 ) + 68.75(10“ 6 ) 

= -77.45 MPa 


Shear Stress: Since (Q A ) y = 0, r A = 0. 

In - Plane Principal Stresses: a x = -77.45 MPa. cr y = 0. and r xy = 0 for point A. 
Since no shear stress acts on the element. 


<Tj — cr y — 0 Ans. 

a 2 = (T z = -77 A MPa Ans. 

Maximum In-Plane Shear Stress: Applying Eq. 9-7. 



= 38.7 MPa Ans. 



774$ Mfa, 
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9-50. The internal loadings at a section of the beam 
consist of an axial force of 500 N, a shear force of 800 N, 
and two moment components of 30 N • m and 40 N • m. 
Determine the principal stress at point A. Also calculate the 
maximum in-plane shear stress at this point. 


4 = ^(0.1)(0.2) 3 = 66.67(10- 6 ) in 4 


Qa = 0 


P_ _ Mz_ _ 500 _ 30(0.1) 

A I x ~ (0.1)(0.2) 66.67(10~ 5 ) 


-20 kPa 


ta = 0 


Here, the principal stresses are 

CT] = (Jy = 0 

cr 2 = cr x = —20 kPa 




Ans. 

Ans. 



-JdO 


Ans. 


9-51. Solve Prob. 9-4 using Mohr’s circle. 


^ _ -650 + 400 _ _ 125 

2 ~~ 2 

^(-650,0) B(400,0) C(—125,0) 

R = CA = = 650 - 125 = 525 

v x < = -125 - 525 cos 60° = -388 psi 

r x y = 525 sin 60° = 455 psi 



650 psi 


Ans. 

Ans. 
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*9-52. Solve Prob. 9-6 using Mohr’s circle. 



a x = 90 MPa (T y = 50 MPa r X}; = -35 MPa A( 90, -35) 

< r x + <Ty 90 + 50 

-^^-= 70 

2 2 

R = V(90 - 70) 2 + (35) 2 = 40.311 
Coordinates of point B : 

</> = tan” 1 (^j = 60.255° 

i/j = 300° - 180° - 60.255° = 59.745° 

oy = 70 - 40.311 cos 59.745° = 49.7 MPa Ans. 

t x < = -40.311 sin 59.745° = -34.8 MPa Ans. 
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•9-53. Solve Prob. 9-14 using Mohr’s circle. 


fT x + o-y _30 + o 

— = = “ 15 

R = V(30 - 15) 2 + (12) 2 = 19.21 ksi 


a ! = 19.21 - 15 = 4.21 ksi 

Ans. 

o- 2 = -19.21 - 15 = -34.2 ksi 

Ans. 

26p2 ~ tan (30 - 15) ’ 6p2 ~ 193 

Ans. 

TsWanc = R = 19.2 ksi 

Ans. 

o- aV g = -15 ksi 

Ans. 

29 P2 = tan -1 — - — + 90°; 9 S = 64.3° 

P2 (30 - 15) 

Ans. 



30 ksi 


12 ksi 



C 
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9 - 54 . Solve Prob. 9-16 using Mohr’s circle. 


(J x + (T y 45 - 60 


= -7.5 MPa 


2 2 
R = V (45 + 7 . 5) 2 + ( 30) 2 = 60.467 MPa 
cr ! = 60.467 - 7.5 = 53.0 MPa 
o- 2 = - 60.467 - 7.5 = - 68.0 MPa 
30 


2 6 pi = tan 1 


(45 + 7 . 5 ) 


dpi = 14.9° counterclockwise 


inpfane 60.5 MPa 


cr ayg = -7.50 MPa 


26pi = 90° - tan 1 


30 


(45 + 7 . 5 ) 


6 s i = 30.1° clockwise 



Ans. 

Ans. 


Ans. 

Ans. 

Ans. 


Ans. 





tf.oafk 
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9 - 58 . Determine the equivalent state of stress if an element 
is oriented 25° counterclockwise from the element shown. 


550 MPa 


0, -550) 5(0, 550) C(0, 0) 


R = CA = CB = 550 


oy = -550 sin 50° = -421 MPa 

Ans. 

T x y = -550 cos 50° = -354 MPa 

Ans. 

o-y = 550 sin 50° = 421 MPa 

Ans. 



9-59. Determine the equivalent state of stress if an 
element is oriented 20° clockwise from the element shown. 


Construction of the Circle: In accordance with the sign convention, a x = 3 ksi, 
Gy = -2 ksi, and r x y = -4 ksi. Hence, 


^"avg 


a x + o-y 
2 


3 + (~2) 
2 


0.500 ksi 


The coordinates for reference points A and C are 
A( 3, -4) C(0.500, 0) 

The radius of the circle is 

R = V(3 - 0.500) 2 + 4 2 = 4.717 ksi 

Stress on the Rotated Element: The normal and shear stress components 
(oy and t x y) are represented by the coordinate of point P on the circle, oy, can be 
determined by calculating the coordinates of point Q on the circle. 

oy = 0.500 + 4.717 cos 17.99° = 4.99 ksi Ans. 



Tjy = -4.717 sin 17.99° = -1.46 ksi Ans. 

o-y = 0.500 - 4.717 cos 17.99° = -3.99 ksi Ans. 


» 
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* 9 - 60 . Determine the equivalent state of stress if an 
element is oriented 30° clockwise from the element shown. 
Show the result on the element. 


9 ksi 


In accordance to the established sign convention, cr x = -6 ksi, cr y = 9 ksi and 
r xy = 4 ksi. Thus, 

(T x + (T v —6 + 9 

o"avg =-2- = —2— = 1-50 kS1 

Then, the coordinates of reference point A and C are 
A(- 6, 4) C(1.5, 0) 

The radius of the circle is 


R = CA = V(— 6 - 1.5) 2 + 4 2 = 8.50 ksi 
Using these results, the circle shown in Fig. a can be constructed. 
Referring to the geometry of the circle, Fig. a , 

a = tan” 1 [ 7 . _ ] = 28.07° f5 = 60° - 28.07° = 31.93° 


Then, 


6 + 1.5 


0-7 = 1.5 - 8.50 cos 31.93° = -5.71 ksi 


T x y = -8.5 sin 31.95° = -4.50 ksi 


oy = 8.71 ksi 


The results are shown in Fig. b. 



(T(tei) 


(O.) 



6 ksi 


Ans. 


Ans. 



Cb) 
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• 9 - 61 . Determine the equivalent state of stress for an 
element oriented 60° counterclockwise from the element 
shown. Show the result on the element. 


In accordance to the established sign convention, a x = -560 MPa, cr y = 250 MPa 
and T xy = -400 MPa. Thus, 


^"avg 


a x + (Ty 
2 


-560 + 250 
2 


-155 MPa 


Then, the coordinate of reference points A and C are 
A(-560, -400) C(—155, 0) 

The radius of the circle is 

R = CA = V[—560 - (-155)] 2 + (-400) 2 = 569.23 MPa 
Using these results, the circle shown in Fig. a can be constructed. 
Referring to the geometry of the circle, Fig. a 

a = tan -1 f „ ) = 44.64° j3 = 120° - 44.64° = 75.36° 

\560 - 155 J 


250 MPa 



Then, 

oy = -155 - 569.23 cos 75.36° = -299 MPa 
T xy = 569.23 sin 75.36° = 551 MPa 
oy = -155 + 569.23 cos 75.36° = -11.1 MPa 

The results are shown in Fig. b. 



Ans. 

Ans. 

Ans. 
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9-62. Determine the equivalent state of stress for an 
element oriented 30° clockwise from the element shown. 
Show the result on the element. 


In accordance to the established sign convention, a x = 2 ksi, a y = -5 ksi and 
r xy = O.Thus, 

°X + o-y 2 + (-5) 

O'avg =-2- = -2- = _1 - 50ksl 

Then, the coordinate of reference points A and C are 
A( 2, 0) C(—1.5, 0) 

The radius of the circle is 

R = CA = V[2 - (-1.5)] 2 + 0 2 = 3.50 ksi 
Using these results, the circle shown in Fig. a can be constructed. 

Referring to the geometry of the circle, Fig. a , 

/3 = 60° 

Then, 

cr x r = -1.50 + 3.50 cos 60° - 0.250 ksi Ans. 

r x y = 3.50 sin 60° = 3.03 ksi Ans. 

ay = -3.25 ksi Ans. 

The results are shown in Fig b. 


5 ksi 


2 ksi 
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9-63. Determine the principal stress, the maximum in-plane 
shear stress, and average normal stress. Specify the orientation 
of the element in each case. 



Construction of the Circle: In accordance with the sign convention, a x = 15 ksi, 
cr y = 0 and r xy = -5 ksi. Hence, 

a x + a y 15 + 0 

cr aV g =---= ——— = 7.50 ksi A ns. 

The coordinates for reference point A and C are 
A( 15, -5) C(7.50, 0) 

The radius of the circle is 

R = V(15 - 7.50) 2 + 5 2 = 9.014 ksi 

a) 

In - Plane Principal Stress: The coordinates of points B and D represent cr 1 and 
cr 2 , respectively. 

cr! = 7.50 + 9.014 = 16.5 ksi Ans. 

cr 2 = 7.50 - 9.014 = -1.51 ksi Ans. 

Orientation of Principal Plane: From the circle 

tan 26pi = - _ 5 ? 5() = 0.6667 

dpi = 16.8° ( Clockwise ) Ans. 



b) 

Maximum In - Plane Shear Stress: Represented by the coordinates of point E on 
the circle. 


Insane = -R = “9.01 ksi Ans. 

Orientation of the Plane for Maximum In - Plane Shear Stress: From the circle 

15 - 7.50 

tan 26 s =---= 1.500 

0 S = 28.2° (i Counterclockwise ) Ans. 
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* 9 - 64 . Determine the principal stress, the maximum 
in-plane shear stress, and average normal stress. Specify the 
orientation of the element in each case. 


In accordance to the established sign convention, cr x = 30 MPa, cr y = -20 MPa and 
t xv = 80 MPa. Thus, 


<j x + <j 


y 30 + (-20) 


' avg 


= 5 MPa 


Then, the coordinates of reference point A and the center C of the circle is 
A( 30, 80) C(5, 0) 

Thus, the radius of circle is given by 

R = CA = V(30 - 5 ) 2 + (80 - 0) 2 = 83.815 MPa 
Using these results, the circle shown in Fig. a, can be constructed. 

The coordinates of points B and D represent a 1 and a 2 respectively. Thus 

oi = 5 + 83.815 = 88.8 MPa Ans. 

0-2 = 5 - 83.815 = -78.8 MPa Ans. 

Referring to the geometry of the circle, Fig. a 

80 

tan 2(0 P \ = 3Q _ 5 = 3.20 

Op = 36.3° (< Counterclockwise ) Ans. 

The state of maximum in - plane shear stress is represented by the coordinate of 
point E. Thus 

ZrV-piane = R = 83.8 MPa Ans. 

From the geometry of the circle, Fig. a , 

30-5 

tan 20 s = 8Q = 0.3125 

0 S = 8.68° (< Clockwise) Ans. 

The state of maximum in - plane shear stress is represented by the element in Fig. c 


20 MPa 
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9-64. Continued 



mp«) 
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•9-65. Determine the principal stress, the maximum in¬ 
plane shear stress, and average normal stress. Specify the 
orientation of the element in each case. 


A(300,120) B( 0, -120) C(150, 0) 

R = V(300 - 150) 2 + 120 2 = 192.094 


a 1 = 150 + 192.094 = 342 psi 
o- 2 = 150 - 192.094 = -42.1 psi 


tan 26 P 


120 

300 - 150 


= 0.8 


6 Pl = 19.3° Counterclockwise 
cr aV g = 150 psi 
irnpfane — 192 psi 


tan 26 s 


300 - 150 
120 


1.25 


6 S = -25.7° 



Ans. 

Ans. 


Ans. 

Ans. 

Ans. 



+2! pH 




9-66. Determine the principal stress, the maximum in-plane 
shear stress, and average normal stress. Specify the orientation 
of the element in each case. 


>4(45, -50) 5(30, 50) C( 37.5, 0) 

R = CA = CB = V7.5 2 + 50 2 = 50.56 


a) 

a 1 = 37.5 + 50.56 = 88.1 MPa 
o- 2 = 37.5 - 50.56 = -13.1 MPa 
50 

tan 26 p — ^ ^ 26 p — 81.47° 6p — 40.7° 

b) 

Tn-ptane = R = 50.6 MPa 
o" aV g = 37.5 MPa 
26 s = 90 - 26 P 
6 S = 4.27° 





Ans. 

Ans. 


Ans. 

Ans. 

Ans. 
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9-67. Determine the principal stress, the maximum in-plane 
shear stress, and average normal stress. Specify the orientation 
of the element in each case. 


200 MPa 

500 MPa 


350 MPa 


Construction of the Circle: In accordance with the sign convention, a x = 350 MPa, 
cry = -200 MPa, and r xy = 500 MPa. Hence, 

_<r x + <*y _ 350 + (-200) 

^avg — 2 

The coordinates for reference point A 
A(350, 500) 

The radius of the circle is 

R = V(350 - 75.0) 2 + 500 2 = 570.64 MPa 


2 

and C are 
C(75.0, 0) 


a) 

In - Plane Principal Stresses: The coordinate of points B and D represent cr 1 and a 2 
respectively. 


o- 1 = 75.0 + 570.64 = 646 MPa 
o- 2 = 75.0 - 570.64 = -496 MPa 


Orientaion of Principal Plane: From the circle 


tan 2 9pi 


500 

350 - 75.0 


1.82 


6pi = 30.6° ( Counterclockwise ) 


Ans. 

Ans. 


Ans. 




b) 

Maximum In - Plane Shear Stress: Represented by the coordinates of point E on 
the circle. 


in-p\ane = R = 571 MPa Ans. 

Orientation of the Plane for Maximum In - Plane Shear Stress: From the circle 


tan 2 6 S 


350 - 75.0 
500 


0.55 


6 S = 14.4° ( Clockwise) 


Ans. 
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*9-68. Draw Mohr’s circle that describes each of the 
following states of stress. 


a) Here, a x = 600 psi, cr y = 700 psi and r xy = O.Thus, 

a x + o-y 60 0 + 700 _ . 

o"avg =-2- = -2- = 650 pS1 

Thus, the coordinate of reference point A and center of circle are 
A(600, 0) C(650, 0) 

Then the radius of the circle is 

R = CA = 650 - 600 = 50 psi 

The Mohr’s circle represents this state of stress is shown in Fig. a. 

b) Here, a x = 0, a y = 4 ksi and r xy = 0. Thus, 


(T X + (Ty 0 + 4 „ , . 

0 - avo =---= —-— = 2 ksi 

2 2 


'avg 


Thus, the coordinate of reference point A and center of circle are 
A( 0, 0) C( 2, 0) 

Then the radius of the circle is 

R = CA = 2 - 0 = 2 psi 

c) Here, cr x = a y = 0 and r xy = -40 MPa. Thus, 

a x + cr v 

= 0 


^avg 2 


Thus, the coordinate of reference point A and the center of circle are 
A( 0, -40) C(0, 0) 

Then, the radius of the circle is 

R = CA = 40 MPa 

The Mohr’s circle represents this state of stress shown in Fig. c 


700 psi 


4 ksi 




40 MPa 


(c) 
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9-68. Continued 





c &oo 




1 





(fflsi) 


W 



(CJ 
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9-69. The frame supports the distributed loading of 
200 N/m. Determine the normal and shear stresses at point 
D that act perpendicular and parallel, respectively, to the 
grain. The grain at this point makes an angle of 30° with the 
horizontal as shown. 


Support Reactions: As shown on FBD(a). 

Internal Forces and Moment: As shown on FBD(b). 
Section Properties: 

I = T (0.1)(o.2 3 ) = 66.667(l0“ 6 ) m 4 


200 N/m 



□_1_200 mm 

W 

100 mm 


Q d = y'A' = 0.0625(0.075)(0.1) = 0.46875(l0“ 3 ) m 3 


Normal Stress: Applying the flexure formula. 


&D = — 


My 

~r 


150(-0.025) 

66.667(10 _e ) 


56.25 kPa 


Shear Stress: Applying the shear formula. 

VQ d 50.0[0.46875(1CT 3 )] 
T ° It 66.667(10“ 6 )(0.1) 


3.516 kPa 


Construction of the Circle: In accordance to the established sign convention, 
a x = 56.25 kPa, cr y = 0 and r xy = -3.516 kPa. Hence. 


°"avg 


a x + (Jy 
2 


56.25 + 0 
2 


28.125 kPa 





(tj 


, 0 !rr\ 

P—‘ 

. JZ 

1 

□ 

0 1 1* 

y*OOU3m\ * 

f 



01 *n 




The coordinates for reference point A and C are 

A(56.25, -3.516) C(28.125, 0) 

The radius of the circle is 

R = V(56.25 - 28.125) 2 + 3.516 2 = 28.3439 kPa 


4 p 


5»IS Kfk. 
3 - 5/6 



Stresses on The Rotated Element: The normal and shear stress components 
(oy and t x y) are represented by the coordinates of point P on the circle. Here, 


6 = 60°. 


oy = 28.125 - 28.3439 cos 52.875° = 11.0 kPa Ans. 

t x 'y = -28.3439 sin 52.875° = -22.6 kPa Ans. 



695 











































































09 Solutions 46060 6/8/10 3:13 PM Page 696 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


9-70. The frame supports the distributed loading of 
200 N/m. Determine the normal and shear stresses at point 
E that act perpendicular and parallel, respectively, to the 
grain. The grain at this point makes an angle of 60° with the 
horizontal as shown. 


Support Reactions: As shown on FBD(a). 

Internal Forces and Moment: As shown on FBD(b). 
Section Properties: 

A = 0.1(0.05) = 5.00(l0“ 3 ) m 2 


200 N/m 



Normal Stress: 


(J /■: 


N_ 

A 


-250 

5.00(1CT 3 ) 


-50.0 kPa 


Construction of the Circle: In accordance with the sign convention. a x = 0, 
a y = -50.0 kPa, and r xy = 0. Hence. 


^avg 


(J x + (J y 
2 


0 + (-50.0) 
2 


-25.0 kPa 


The coordinates for reference points A and C are 
A( 0, 0) C(-25.0, 0) 

The radius of circle is R = 25.0 - 0 = 25.0 kPa 

Stress on the Rotated Element: The normal and shear stress components 
(oy and t x y) are represented by coordinates of point P on the circle. Here, 
6 = 150°. 

(j x = -25.0 + 25.0 cos 60° = -12.5 kPa Ans. 

r x y = 25.0 sin 60° = 21.7 kPa Ans. 


2£OtlS)'.50ofiJ 



ti’ZZo aJ 
1 


| 5Q O fcfi l 

r 
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9-71. The stair tread of the escalator is supported on two 
of its sides by the moving pin at A and the roller at B. If a 
man having a weight of 300 lb stands in the center of the 
tread, determine the principal stresses developed in the 
supporting truck on the cross section at point C. The stairs 
move at constant velocity. 


Support Reactions: As shown on FBD (a). 

Internal Forces and Moment: As shown on FBD (b). 

Section Properties: 

A = 2(0.5) = 1.00 in 2 

I = T (0.5)(2 3 ) = 0.3333 in 4 

Q b = y'A' = 0.5(1)(0.5) = 0.250 in 3 



Normal Stress: 


a 


N My 

a ± ~t 


-137.26 475.48(0) 

1.00 + 0.3333 


-137.26 psi 


Shear Stress: Applying the shear formula r 


VQ 
It ' 


79.25(0.250) 

0.3333(0.5) 


118.87 psi 


A W3/2& 

j4*47$46lbin 



fide;/* 


Construction of the Circle: In accordance with the sign convention, cr x = 0, 
(T y = -137.26 psi, and r xy = 118.87 psi. Hence, 


°"avg 


cr x + (Ty 
2 


0 + (-137.26) 
2 


-68.63 psi 


The coordinates for reference points A and C are 

A{ 0,118.87) C(-68.63, 0) 

The radius of the circle is 

R = V(68.63 - 0) 2 + 118.87 2 = 137.26 psi 



In - Plane Principal Stress: The coordinates of point B and D represent and a 2 , 
respectively. 


o' i = -68.63 + 137.26 = 68.6 psi Ans. 

(j 2 = —68.63 — 137.26 = —206 psi Ans. 
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*9-72. The thin-walled pipe has an inner diameter of 
0.5 in. and a thickness of 0.025 in. If it is subjected to an 
internal pressure of 500 psi and the axial tension and 
torsional loadings shown, determine the principal stress at a 
point on the surface of the pipe. 




Section Properties: 

A = tj-(0.275 2 - 0.25 2 ) = 0.013125t 7 in 2 
J =j (0.275 4 - 0.25 4 ) = 2.84768(l0“ 3 ) in 4 


Normal Stress: Since 


r 

t 


0.25 

0.025 


10, thin wall analysis is valid. 


_N pr _ 200 500(0.25) _ „ . 

<7long A It 0.01312577 2(0.025) 7350 ksl 


_pr _ 500(0.25) 

o-hoop ~ ~ ~ 0 0 25 


5.00 ksi 


Shear Stress: Applying the torsion formula, 


Tc _ 20(12)(0.275) 
J ~ 2.84768(10 -3 ) 


23.18 ksi 


Construction of the Circle: In accordance with the sign convention a x = 7.350 ksi, 
(T y = 5.00 ksi, and r xy = -23.18 ksi. Hence, 


°"avg 


a x + (Ty 
2 


7.350 + 5.00 
2 


6.175 ksi 


The coordinates for reference points A and C are 

A(7.350, -23.18) C(6.175, 0) 

The radius of the circle is 

R = V(7.350 - 6.175) 2 + 23.18 2 = 23.2065 ksi 

In - Plane Principal Stress: The coordinates of point B and D represent cr 1 and <r 2 , 
respectively. 

or = 6.175 + 23.2065 = 29.4 ksi Ans. 

o- 2 = 6.175 - 23.2065 = -17.0 ksi Ans. 


$-00 

X 

. — JiSo kSK 
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•9-73. The cantilevered rectangular bar is subjected to the 
force of 5 kip. Determine the principal stress at point A. 



Internal Forces and Moment: As shown on FBD. 

Section Properties: 

A = 3(6) = 18.0 in 2 

1 = 4 (3) ( 63 ) = 54 ’ 0in4 

Qa = y'A' = 2.25(1.5)(3) = 10.125 in 3 

Normal Stress: 


N My 
tr= A ± ~ 


4.00 45.0(1.5) . 

<J ’ A ~ 18i) 3 540 = 1-47 ^ ksl 


Shear Stress: Applying the 


shear formula r = 


VQ 
It ' 


3.00(10.125) 

54.0(3) 


0.1875 ksi 


Construction of the Circle: In accordance with the sign convention, a x = 1.4722 ksi, 
(T y = 0, and r xy = -0.1875 ksi. Hence, 


^"avg 


a x + (Ty 
2 


1.472 + 0 
2 


0.7361 ksi 


A Pi-OKh 









d P 


0 47 * W 



The coordinates for reference points A and C are 

A(1.4722, -0.1875) C(0.7361, 0) 

The radius of the circle is 

R = V( 1.4722 - 0.7361) 2 + 0.1875 2 = 0.7596 ksi 

In - Plane Principal Stress: The coordinates of point B and D represent cr 1 and cr 2 , 
respectively. 


a ! = 0.7361 + 0.7596 = 1.50 ksi 
a 2 = 0.7361 - 0.7596 = -0.0235 ksi 


Ans. 

Ans. 
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9-74. Solve Prob. 9-73 for the principal stress at point B. 


Internal Forces and Moment: As shown on FBD. 
Section Properties: 

A = 3(6) = 18.0 in 2 
/ = ^(3)(6 3 ) = 54.0in 4 
Q b = y'A' = 2(2)(3) = 12.0 in 3 


Normal Stress: 


a 


N My 

a ± ~t 


&B = 


4.00 

18.0 


45.0(1) 

54.0 


-0.6111 ksi 



fit* 4'0 *if, 


Y*±c l'f> 


M«4Sd 




' 



-4 f 


0 butte i 
o tut tei 


Shear Stress: Applying the shear formula r 


VQ 
It ’ 


3.00(12.0) 

54.0(3) 


0.2222 ksi 


Construction of the Circle: In accordance with the sign convention, 
a x = —0.6111 ksi, cry = 0, and r xy = —0.2222 ksi. Hence. 


^"avg 


a x + (Jy 
2 


-0.6111 + 0 
2 


-0.3055 ksi 


The coordinates for reference points A and C are 

A(-0.61U, -0.2222) C(-0.3055, 0) 

The radius of the circle is 

R = V(0.6111 - 0.3055) 2 + 0.2222 2 = 0.3778 ksi 

In - Plane Principal Stress: The coordinates of point B and D represent cr 1 and cr 2 , 
respectively. 



cri = -0.3055 + 0.3778 = 0.0723 ksi 
o- 2 = -0.3055 - 0.3778 = -0.683 ksi 


Ans. 

Ans. 
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9-75. The 2-in.-diameter drive shaft AB on the helicopter 
is subjected to an axial tension of 10 000 lb and a torque 
of 300 lb • ft. Determine the principal stress and the 
maximum in-plane shear stress that act at a point on the 
surface of the shaft. 




10 000 
tt(I ) 2 


3.183 ksi 


Tc = 300(12)(1) 
J ~ f(l) 4 


2.292 ksi 


°T,2 


a x + (T y 
2 


± 



3.183 + 0 / 3.183 - 0 x2 onox2 

-~-± \ (-~-) 2 + (2.292) 2 


(j\ = 4.38 ksi 
a 2 = —1.20 ksi 


T 

. max = 
m-plane 


7 2 + T 2 


= ,/( 3183 0 ° ) 2 + (2.292) 2 


= 2.79 ksi 



Ans. 

Ans. 


Ans. 
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*9-76. The pedal crank for a bicycle has the cross section 
shown. If it is fixed to the gear at B and does not rotate 
while subjected to a force of 75 lb, determine the principal 
stress in the material on the cross section at point C. 


Internal Forces and Moment: As shown on FBD 



Section Properties: 

I = T(o.3)(o. 8 3 ) = 0.0128 in 3 

Qc = y'A' = 0.3(0.2)(0.3) = 0.0180 in 3 

Normal Stress: Applying the flexure formula. 

My -300(0.2) 

<rc = = ~ 0Q128 = 4687.5 psi = 4.6875 ksi 


75 /fr 



Shear Stress: Applying the shear formula. 


TC = 


VQc 

it 


75.0(0.0180) 

0.0128(0.3) 


351.6 psi = 0.3516 ksi 


Construction of the Circle: In accordance with the sign convention, cr x = 4.6875 ksi, 
(T y = 0, and T X y = 0.3516 ksi. Hence, 


^"avg 


(T x + (T y 
2 


4.6875 + 0 
2 


2.34375 ksi 


The coordinates for reference points A and C are 

A(4.6875, 0.3516) C(2.34375, 0) 

The radius of the circle is 

R = V(4.6875 - 2.34375) 2 + 0.3516 2 = 2.3670 ksi 

In - Plane Principal Stress: The coordinates of point B and D represent a 1 and a 2 , 
respectively. 


4 H 


0*9+to* 



mU) 


HCKsi) 


(T 1 = 2.34375 + 2.3670 = 4.71 ksi 
o- 2 = 2.34375 - 2.3670 = -0.0262 ksi 


Ans. 

Ans. 
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•9-77. A spherical pressure vessel has an inner radius of 
5 ft and a wall thickness of 0.5 in. Draw Mohr’s circle for the 
state of stress at a point on the vessel and explain the 
significance of the result. The vessel is subjected to an 
internal pressure of 80 psi. 


Normal Stress: 


_pr _ 80(5)(12) 
<Jl ~ ai ~Yt ~ 2(0.5) 


4.80 ksi 


Mohr’s circle: 

A(4.80, 0) £(4.80, 0) C(4.80, 0) 

Regardless of the orientation of the element, the shear stress is zero and the state of 
stress is represented by the same two normal stress components. 


| +3**sr 

-***** 




r 


9-78. The cylindrical pressure vessel has an inner radius 
of 1.25 m and a wall thickness of 15 mm. It is made from 
steel plates that are welded along the 45° seam. Determine 
the normal and shear stress components along this seam if 
the vessel is subjected to an internal pressure of 8 MPa. 


pr _ 8(1.25) 
2t ~ 2(0.015) 


333.33 MPa 


cr y = 2cr x = 666.67 MPa 

A(333.33, 0) £(666.67, 0) C(500, 0) 


cr 


x' 


333.33 + 666.67 
2 


= 500 MPa 


r x y = R = 666.67 - 500 = 167 MPa 



Jp —***** 


Ans. 

Ans. 
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•9-79. Determine the normal and shear stresses at point 
D that act perpendicular and parallel, respectively, to the 
grains. The grains at this point make an angle of 30° with 
the horizontal as shown. Point D is located just to the left of 
the 10-kN force. 


10 kN 



Using the method of section and consider the FBD of the left cut segment, Fig. a 
+ tSF y = 0; 5 — V = 0 V = 5 kN 

C+2M c = 0; M- 5(1) = 0 M = 5kN-m 

The moment of inertia of the rectangular cross - section about the neutral axis is 
I = T (0.1)(0.3 3 ) = 0.225(1CT 3 ) m 4 

Referring to Fig. b , 

Qd = y'A' = 0.1(0.1)(0.1) = 0.001 m 3 


The normal stress developed is contributed by bending stress only. For point D, 
y = 0.05 m.Then 


My _ 5(10 3 )(0.05) 
/ ~~ 0.225(10~ 3 ) 


1.111 MPa (T) 


The shear stress is contributed by the transverse shear stress only. Thus, 


VQd = 5(10 3 )(0.001) 
It ~ 0.225(10 3 )(0.1) 


0.2222 MPa 


The state of stress at point D can be represented by the element shown in Fig. c 


In accordance to the established sign convention, cr x = 1.111 MPa, a y = 0 and 


= -0.2222 MPa, Thus. 

a Y + (j v 


1.111 + 0 


'avg 


= 0.5556 MPa 


Then, the coordinate of reference point A and the center C of the circle are 
>4(1.111, -0.2222) C(0.5556, 0) 

Thus, the radius of the circle is given by 

R = V(l.lll - 0.5556) 2 + (-0.2222) 2 = 0.5984 MPa 

Using these results, the circle shown in Fig. d can be constructed. 

Referring to the geometry of the circle, Fig. d , 

/ o 2222 \ 

a = tan -1 ( x ln ’_ 055 5 6 ) = 21 ' 80 ° 4 = 180 ° “ ( 120 ° ~ 21.80°) = 81.80° 


/Oku 




M 
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9-79. Continued 


Then 

oy = 0.5556 - 0.5984 cos 81.80° = 0.4702 MPa = 470 kPa Ans. 

T* y = 0.5984 sin 81.80° = 0.5922 MPa = 592 kPa Ans. 
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* 9 - 80 . Determine the principal stress at point D , which is 
located just to the left of the 10-kN force. 


10 kN 



Using the method of section and consider the FBD of the left cut segment, Fig. a , 
+ t2^ = 0; 5 — V = 0 V = 5 kN 

C+2M c = 0; M- 5(1) = 0 M = 5kN-m 

7 = T (0.1)(0.3 3 ) = 0.225(10 -3 ) m 4 


Referring to Fig. b , 

Qd = y'A' = 0.1(0.1)(0.1) = 0.001 m 3 


The normal stress developed is contributed by bending stress only. For point D, 
y = 0.05 m 


My _ 5(10 3 )(0.05) 
7 ~~ 0.225(10“ 3 ) 


1.111 MPa (T) 


The shear stress is contributed by the transverse shear stress only. Thus, 


VQd = 5(10 3 )(0.001) 
It ~ 0.225(10~ 3 )(0.1) 


0.2222 MPa 


The state of stress at point D can be represented by the element shown in Fig. c. 


In accordance to the established sign convention, a x = 1.111 MPa, cr y = 0, and 


= -0.2222 MPa. Thus, 

a x + cr v 


1.111 + 0 


^"avg 


= 0.5556 MPa 


Then, the coordinate of reference point A and center C of the circle are 
>1(1.111, -0.2222) C(0.5556, 0) 

Thus, the radius of the circle is 

R = CA= V(l.lll - 0.5556) 2 + (-0.2222) 2 = 0.5984 MPa 
Using these results, the circle shown in Fig. d. 

In-Plane Principal Stresses. The coordinates of points B and D represent cr 1 and a 2 , 
respectively. Thus, 

o-! = 0.5556 + 0.5984 = 1.15 MPa Ans. 

cr 2 = 0.5556 - 0.5984 = -0.0428 MPa Ans. 


/OkN 
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9-80. Continued 


Referring to the geometry of the circle, Fig. d , 

0.2222 


tan (2 0 P ) 1 = 


= 0.4 


1.111 - 0.5556 
(Op)i = 10.9° (Clockwise) 

The state of principal stresses is represented by the element show in Fig. e. 


Ans. 


fJ_ 

O-OSffg 


O-fM 



o-im 

Cbj 







3239 MPa. 


(C) 



rcmj (d) 
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• 9 - 81 . Determine the principal stress at point A on the 
cross section of the hanger at section a-a. Specify the 
orientation of this state of stress and indicate the result on 
an element at the point. 


Internal Loadings: Considering the equilibrium of the free - body diagram of the 
hanger’s left cut segment, Fig. a , 

= 0; 900 - N = 0 N = 900N 

+ '\'ZF y = 0; V - 900 = 0 V = 900N 

C+2M o = 0; 900(1) - 900(0.25) — M = 0 M = 675N-m 

Section Properties: The cross - sectional area and the moment of inertia about the 
centroidal axis of the hanger’s cross section are 

A = 0.05(0.1) - 0.04(0.09) = 1.4(l0~ 3 )m 2 



Sections a-a 
and b-b 


I = ^ (0.05)(0.1 3 ) - T(0.04)(0.09 3 ) = 1.7367(l0~ 6 )m 4 


Referring to Fig. b, 

Q a = 2y\A\ + y' 2 A' 2 = 2[0.0375(0.025)(0.005)] + 0.0475(0.005)(0.04) 
= 18.875(l0“ 6 ) m 3 


Normal and Shear Stress: The normal stress is a combination of axial and bending 
stresses. Thus, 



My_A 

i 


900 675(0.025) 

1.4(l0“ 3 ) 1.7367(l0“ 6 ) 


9.074 MPa 



9oofi 

CCK) 




The shear stress is caused by the transverse shear stress. 


t a = 


VQa 

It 


900 18.875(l0 -6 ) 

-A-\- — = 0.9782 MPa 

1.7367(l0~ 6 )(0.01) 


The state of stress at point A is represented by the element shown in Fig. c. 


Construction of the Circle: a x = 9.074 MPa, a y = 0, and r xy = 0.9782 MPa. Thus, 


^"avg 


(J X + 
2 


9.074 + 0 
2 


4.537 MPa 


The coordinates of reference points A and the center C of the circle are 
A(9.074, 0.9782) C(4.537, 0) 

Thus, the radius of the circle is 

R = CA = V(9.074 - 4.537) 2 + 0.9782 2 = 4.641 MPa 
Using these results, the circle is shown in Fig. d. 
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9-81. Continued 


In - Plane Principal Stress: The coordinates of point B and D represent and cr 2 , 
respectively. 

cr! = 4.537 + 4.641 = 9.18 MPa Ans. 

cr 2 = 4.537 - 4.641 = -0.104 MPa Ans. 


Orientaion of Principal Plane: Referring to the geometry of the circle, Fig. d , 

0.9782 


tan — 


= 0.2156 


9.074 - 4.537 

(flp)i = 6.08° (counterclockwise) Ans. 

The state of principal stresses is represented on the element shown in Fig. e. 


O' oo5m 

omiti 

-j'- 


O'05m 


*-0 005 m 



Ofl&UMk. 





fyomp* 


--0 0Z1W 


CC) 





tUAPA) G^) 
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9-82. Determine the principal stress at point A on the 
cross section of the hanger at section b-b. Specify the 
orientation of the state of stress and indicate the results on 
an element at the point. 



A 

= 

"7 


'' 900 N 


900 N '' 


Internal Loadings: Considering the equilibrium of the free - body diagram of the 
hanger’s left cut segment, Fig. a, 

+ t2Fy = 0; V - 900 - 900 = 0 V = 1800N 

C+2M o = 0; 900(2.25) + 900(0.25) - M = 0 M = 2250N-m 

Section Properties: The cross - sectional area and the moment of inertia about the 
centroidal axis of the hanger’s cross section are 


5 mm 



50 mm 


A = 0.05(0.1) - 0.04(0.09) = 1.4(l0“ 3 )m 2 Sections a-a 

and b-b 

1 = h. (°- 05 )( 0 - 13 ) - J 2 (°-04)(0.09 3 ) = 1.7367(l0~ 6 )m 4 


Referring to Fig. b. 

Q a = ly\A\ + y' 2 A' 2 = 2[0.0375(0.025)(0.005)] + 0.0475(0.005)(0.04) 

= 18.875(l0~ 6 ) m 3 

Normal and Shear Stress: The normal stress is contributed by the bending stress 
only. 


My A 2250(0.025) 

a A = = -—- — = 32.39 MPa 


1.7367 10 


- 6 \ 


The shear stress is contributed by the transverse shear stress only. 
VQ a 1800[ 18.875 (l0~ 6 )] 


ta = 


= 1.956 MPa 


lt 1.7367(l0~ 6 )(0.01) 

The state stress at point A is represented by the element shown in Fig. c. 
Construction of the Circle: a x = 32.39 MPa, cr y = 0, and r xy = 1.956 MPa. Thus, 


cr Y + cr v 


32.39 + 0 


= 16.19 MPa 


The coordinates of reference point A and the center C of the circle are 
A(32.39,1.956) C(16.19, 0) 

Thus, the radius of the circle is 

R = CA = V(32.39 - 16.19) 2 + 1.956 2 = 16.313 MPa 
Using these results, the cricle is shown in Fig. d. 
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9-82. Continued 


In - Plane Principal Stresses: The coordinates of reference point B and D represent 
cri and <x 2 , respectively. 


oi = 16.19 + 16.313 = 32.5 MPa Ans. 

cr 2 = 16.19 - 16.313 = -0.118 MPa Ans. 


Orientaion of Principal Plane: Referring to the geometry of the circle, Fig. d , 


tan 2 [0p)i 


1.956 

32.39 - 16.19 


0.1208 


[Op^jx = 3.44° (counterclockwise) 


Ans. 


The state of principal stresses is represented on the element shown in Fig. e. 



0*j 
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9-83. Determine the principal stresses and the maximum 
in-plane shear stress that are developed at point A. Show 
the results on an element located at this point. The rod has a 
diameter of 40 mm. 


Using the method of sections and consider the FBD of the member’s upper cut 
segment, Fig. a, 

+ t2F y = 0; 450 - TV = 0 TV = 450N 

C+2M c = 0; 450(0.1) - M = 0 M = 45N-m 

A = ir(0.02 2 ) = 0.4(10 _3 )ir m 2 

I = j (0.02 4 ) = 40(10“ V m 4 

The normal stress is the combination of axial and bending stress. Thus, 

N My 
a = — + — 

For point A, y = 

(T 

Since no transverse shear and torque is acting on the cross - section 

r = 0 


C = 0.02 m. 
450 


45 (0.02) 


0.4(10 3 )tt 40(10 9 )tt 


= 7.520 MPa 


The state of stress at point A can be represented by the element shown in Fig. b. 


In accordance to the established sign convention a x = 0, a y = 7.520 MPa and 
r xy = O.Thus 


^"avg 


(J x + (J y 
2 


0 + 7.520 
2 


3.760 MPa 


Then, the coordinates of reference point A and the center C of the circle are 
A( 0, 0) C(3.760, 0) 

Thus, the radius of the circle is 

R = CA = 3.760 MPa 


Using this results, the circle shown in Fig. c can be constructed. Since no shear stress 
acts on the element, 


450 N 




N 


(a.) 


cTi = a y — 7.52 MPa a 2 = cr x = 0 Ans. 

The state of principal stresses can also be represented by the element shown in Fig. b. 

The state of maximum in - plane shear stress is represented by point B on the circle, 
Fig. c. Thus. 

T iiUpfane = R = 3.76 MPa Ans. 
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9-83. Continued 

From the circle, 

20 s = 90° 

6 S = 45° (counter clockwise) Ans. 

The state of maximum In - Plane shear stress can be represented by the element 
shown in Fig. d. 


t MPa. 


0 >) 
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*9-84. Draw the three Mohr’s circles that describe each of 
the following states of stress. 

(a) Here, cr min = 0, cr int = 3 ksi and cr max = 5 ksi. The three Mohr’s circle 
of this state of stress are shown in Fig. a 

(b) Here, <x min = 0, cr int = 140 MPa and cr max = 180 MPa. The three 
Mohr’s circle of this state of stress are shown in Fig. b 


5 ksi 



(a) 




•9-85. Draw the three Mohr’s circles that describe the 
following state of stress. 


Here, cr min = -300 psi, cr int = 0 and <x max = 400 psi.The three Mohr’s circle for this 
state of stress is shown in Fig. a. 



Co.) 


300 psi 



714 























































09 Solutions 46060 6/8/10 3:13 PM Page 715 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


9-86. The stress at a point is shown on the element. 
Determine the principal stress and the absolute maximum 
shear stress. 


For y-z plane: 

A( 0, -80) 5(90, 80) C(45, 0) 

R = V45 2 + 80 2 = 91.79 
og = 45 + 91.79 = 136.79 MPa 
o- 2 = 45 - 91.79 = -46.79 MPa 


Thus, 


o 

II 

b 

Ans. 

o- 2 = 137 MPa 

Ans. 

o- 3 = —46.8 MPa 

Ans. 

t o- max ~ cr min 136.79 - (-46.79) 

rife = 2 = 2 =91.8 MPa 

Ans. 


I 

gr 


z 




0 
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9-87. The stress at a point is shown on the element. 

Determine the principal stress and the absolute maximum 
shear stress. 

Mohr’s circle for the element in y - 7 plane, Fig. a , will be drawn first. In accordance 
to the established sign convention, a y = 30 psi, cr z = 120 psi and r yz = 70 psi. Thus 

°\v + Vz 30 + 120 _ . 

°"avg — 2 _ 2 _ ^ ^ 

Thus the coordinates of reference point A and the center C of the circle are 
A(30, 70) C(75, 0) 


z 



Thus, the radius of the circle is 

R = CA = V(75 - 30) 2 + 70 2 = 83.217 psi 

Using these results, the circle shown in Fig. b. 

The coordinates of point B and D represent the principal stresses 
From the results, 

^max — 1^8 psi (j m j n — — 8.22 psi U 3 nt — 0 psi 

Using these results, the three Mohr’s circle are shown in Fig. c, 

From the geometry of the three circles, 

T ,, GW - O-min 158.22 - (-8.22) 

■ffe =-~^-= 83.22 psi 



f 


(a) 

Ans. 



O(psi) 
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*9-88. The stress at a point is shown on the element. 

Determine the principal stress and the absolute maximum 
shear stress. 

Mohr’s circle for the element in x - z plane, Fig. a, will be drawn first. In accordance 
to the established sign convention, <r x = -2 ksi, a z = 0 and t xz = 8 ksi. Thus 

&x + <r z -2 + 0 

O'avg = -2- = -2- = _1 kS1 

Thus, the coordinates of reference point A and the center C of the circle are 
A(- 2,8) C(-1,0) 

Thus, the radius of the circle is 

R = CA = V[— 2 - (-1)] 2 + 8 2 = V65 ksi 
Using these results, the circle in shown in Fig. b , 

The coordinates of points B and D represent and a 2 , respectively. 

<7 = -1 + V65 = 7.062 ksi 
max 7.06 ksi 

O'int = 0 

<T min = -9.06 ksi 
From the results obtained, 

cr int = 0 ksi cr max = 7.06 ksi cr min = -9.06 ksi 
Using these results, the three Mohr’s circles are shown in Fig, c. 

From the geometry of the cricle, 

7.06 - (-9.06) 




■x 


C*) 


Ans. 


T abs = (T 
max 


max mm 


= 8.06 ksi 


Ans. 






co 


(C) 
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•9-89. The stress at a point is shown on the element. 
Determine the principal stress and the absolute maximum 
shear stress. 


For x-y plane: 

R = CA = V(120 - 60) 2 + 150 2 = 161.55 
o-! = 60 + 161.55 = 221.55 MPa 
o - 2 = 60 - 161.55 = -101.55 MPa 


<ji = 222 MPa a 2 = 0 MPa 0-3 = —102 MPa 


T abs =£“ 
max 


221.55 - (-101.55) 


= 162 MPa 


Ans. 

Ans. 


z 



9-90. The state of stress at a point is shown on the 
element. Determine the principal stress and the absolute 
maximum shear stress. 


For y - z plane: 

A( 5, -4) B(- 2.5, 4) C(1.25, 0) 

R = V3.75 2 + 4 2 = 5.483 
or = 1.25 + 5.483 = 6.733 ksi 
o - 2 = 1.25 - 5.483 = -4.233 ksi 


Thus, 


or i = 6.73 ksi 

Ans. 

o - 2 = 0 

Ans. 

o - 3 = -4.23 ksi 

Ans. 


6.73 + (-4.23) 

U’avg = - - - = 1.25 ksi 

T abs _ q-max - q~min = 6.73 ~ (~4.23) 

max /-) /-» 


5.48 ksi 


Ans. 



z 
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*9-92. The solid shaft is subjected to a torque, bending 
moment, and shear force as shown. Determine the principal 
stress acting at points A and B and the absolute maximum 
shear stress. 



Internal Forces and Moment: As shown on FBD. 


Section Properties: 


I z = ^ (o.025 4 ) = 0.306796 (lO -6 ) m 4 

] = y (0.025 4 ) = 0.613592 (l0“ 6 ) m 4 
(Qa)x = 0 

(Qii)v = ?A< 


4(0.025) 

3tt 


1(77) (0.025 2 ) 


10.417 (l0~ 6 ) m 3 


Normal stress: Applying the flexure formula. 


<7 = 


M,y 

Iz 


-60.0(0.025) 

0.306796(10~ 6 ) 


4.889 MPa 


a B = 


-60.0(0) 

0.306796(10~ 6 ) 


Shear Stress: Applying the torsion formula for point A , 


Tc _ 45.0(0.025) 

J 0.613592(10“ 6 ) 


1.833 MPa 


The transverse shear stress in the y direction and the torsional shear stress can be 

VQ Tp 

obtained using shear formula and torsion formula. r v = and r twist = —, 
respectively. 

T B = ( T v)y ~ T twist 

800[l0.417(10 -6 )] 45.0(0.025) 

=------- 3 - = -1.290 MPa 

0.306796(10~ 6 )(0.05) 0.613592(10^ 6 ) 

Construction of the Circle: a x = 4.889 MPa, cr z = 0, and r xz = -1.833 MPa for 
point A. Hence, 


a r + (J - 


4.889 + 0 
2 


2.445 MPa 


The coordinates for reference points A and C are A (4.889, -1.833) and C(2.445,0). 
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9-92. Continued 


The radius of the circle is 
R = V(4.889 - 2.445) 2 + 1.833 2 = 3.056 MPa 

a x = cr y = 0 and r xy = -1.290 MPa for point B. Hence, 


The coordinates for reference points A and C are A(0. ,-1.290) and C(0,0). 
The radius of the circle is R = 1.290 MPa 


In - Plane Principal Stresses: The coordinates of point B and D represent a 1 and a 2 , 
respectively. For point A 

or = 2.445 + 3.056 = 5.50 MPa 

o- 2 = 2.445 - 3.506 = -0.611 MPa 


For point B 


oi = 0 + 1.290 = 1.29 MPa 
o- 2 = 0 - 1.290 = -1.290 MPa 

Three Mohr’s Circles: From the results obtaired above, the principal stresses for 
point A are 

o"max = 5.50 MPa o- int = 0 o" m j n = -0.611 MPa Ans. 


And for point B 

<r max = 1-29 MPa cr int = 0 a mm = -1.29 MPa 

Absolute Maximum Shear Stress: For point A , 

<7 min 5.50 - (-0.611) 


T abs =^ 
max 


= 3.06 MPa 


Ans. 


Ans. 


For point B , 


abs = 
max 


- cr n 


1.29 - (-1.29) 


= 1.29 MPs 


Ans. 



720 


























































09 Solutions 46060 6/8/10 3:13 PM Page 721 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


•9-93. The propane gas tank has an inner diameter of 
1500 mm and wall thickness of 15 mm. If the tank is 
pressurized to 2 MPa, determine the absolute maximum 
shear stress in the wall of the tank. 



r 

Normal Stress: Since - = 
t 

<*2 


750 

15 

pr 

t 

pr 

~ It 


50 > 10, thin - wall analysis can be used. We have 
2(750) 


15 

2(750) 

2(15) 


= 100 MPa 


= 50 MPa 


The state of stress of any point on the wall of the tank can be represented on the 
element shown in Fig. a 

Construction of Three Mohr’s Circles: Referring to the element, 
o"max = 100 MPa (j int = 50 MPa <x min = 0 

Using these results, the three Mohr’s circles are shown in Fig. b. 


Absolute Maximum Shear Stress: From the geometry of three circles, 



Tww 


© 


lOOrtfa 
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9-94. Determine the principal stress and absolute 
maximum shear stress developed at point A on the cross 
section of the bracket at section a-a. 



Internal Loadings: Considering the equilibrium of the free - body diagram of the 
bracket’s upper cut segment, Fig. a , 

+ T EF,, = 0; N - 500^1^ = 0 N = 3001b 

1,F X = 0; V - 500=0 V = 400 lb 

2M 0 = 0; M - 500 (f)( 12 ) - 50o(jj(6) = 0 M = 6000 lb • in 

Section Properties: The cross - sectional area and the moment of inertia of the 

bracket’s cross section are 

A = 0.5(3) - 0.25(2.5) = 0.875 in 2 
/ = ^(0-5)(3 3 ) - T(o. 25)(2.5 3 ) = 0.79948 in 4 


Referring to Fig. b. 

Q a = x\A\ + x' 2 A ' 2 = 0.625(1.25)(0.25) + 1.375(0.25)(0.5) = 0.3672 in 3 

Normal and Shear Stress: The normal stress is 


<ta = 


N_ 

A 


300 

0.875 


-342.86 psi 


The shear stress is contributed by the transverse shear stress. 
VQ a 400(0.3672) 


ta = 


= 734.85 psi 


It 0.79948(0.25) 

The state of stress at point A is represented by the element shown in 
Construction of the Circle: cr x = 0,a y = -342.86 psi, and r xy = 734. 


<?x + <Ty 0 + (-342.86) 


= -171.43 psi 


Fig. c. 

85. Thus, 


The coordinates of reference point A and the center C of the circle are 
A(0,734.85) C(-171.43,0) 

Thus, the radius of the circle is 

R = CA = V[0 - (-171.43)] 2 + 734.85 2 = 754.58 psi 
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9-94. Continued 

Using these results, the cricle is shown in Fig. d. 

In - Plane Principal Stresses: The coordinates of reference point B and D represent 
o'! and cr 2 , respectively. 

o-! = -171.43 + 754.58 = 583.2 psi 

o- 2 = -171.43 - 754.58 = -926.0 psi 

Three Mohr’s Circles: Using these results, 

°max = 583 psi o- int = 0 cr mm = -926 psi Ans. 

Absolute Maximum Shear Stress: 


T O’max - O’min 583.2 - (-926.0) 

A =-o-=-o- 755 P S1 



Ans. 




O&n, 



0* 


ti 


CA) 


o ***i IWS 1 H- <W5 ' Vv 


Cb) 



&■) 
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9-95. Determine the principal stress and absolute 
maximum shear stress developed at point B on the cross 
section of the bracket at section a-a. 

Internal Loadings: Considering the equilibrium of the free - body diagram of the 5 [ n 
bracket’s upper cut segment, Fig. a , 


+ UF y = 0 ; 


2 F x = 0 ; 


N - 500( -) = 0 


V - 500( -) = 0 


N = 300 lb 


V = 400 lb 



500 lb 


0.5 in. 0.25 in. 


0.25 in.- 


A 


0.25 in. 


= 0; M - 500f |J(12) - 500 (j)( 6 ) = 0 


1.5 in.1.5 in. 
Section a-a 


M = 6000 lb • in 


Section Properties: The cross - sectional area and the moment of inertia about the 
centroidal axis of the bracket’s cross section are 

A = 0.5(3) - 0.25(2.5) = 0.875 in 2 
7 = T(0.5)(3 3 ) - T (0.25)(2.5 3 ) = 0.79948 in 4 


Referring to Fig. b , 


Qb = 0 


Normal and Shear Stress: The normal stress is a combination of axial and bending 
stress. 

N Mx b 300 , 6000(1.5) _ . 

aB ~A + ~T- _ (7875 + T7994T " 10 ‘ 9kS1 

Since Q B = 0, t b = 0. The state of stress at point B is represented on the element £ 
shown in Fig. c. 

In - Plane Principal Stresses: Since no shear stress acts on the element, 

(T\ = 10.91 ksi a 2 = 0 

Three Mohr’s Circles: Using these results, 

°"max — 10.91 ksi — cr min — 0 Ans. 

Absolute Maximum Shear Stress: 

Unax — °"min 10.91 — 0 



$00 lb 




* 0‘b25\\r\ 


fafj-Q 

W 1 ^°' 2srn 


Q.g^ 4 - n ' AY 


Cb 


T abs = fJlT 
max 


= 5.46 ksi 


Ans. 
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9-98. The steel pipe has an inner diameter of 2.75 in. and 
an outer diameter of 3 in. If it is fixed at C and subjected to 
the horizontal 20-lb force acting on the handle of the pipe 
wrench at its end, determine the principal stresses in the 
pipe at point A, which is located on the surface of the pipe. 

Internal Forces , Torque and Moment: As shown on FBD. 

Section Properties: 

I = ^ (l.5 4 - 1.375 4 ) = 1.1687 in 4 

J = y (l.5 4 - 1.375 4 ) = 2.3374 in 4 
(Qa), = 2 y'A' 


20 lb 



4(1.5) 


- 77 (l-5 2 ) 

4(1.375) 

f T7(l.375 2 ) 

377 

[2 v >\ 

L2 v >\ 


377 

= 0.51693 in 3 

Normal Stress: Applying the flexure formula a = 


200 ( 0 ) 

<Ja ~ 1.1687 ~~ ° 


MyZ 


Shear Stress: The transverse shear stress in the z direction and the torsional shear 

VQ 

stress can be obtained using shear formula and torsion formula, r v = —— and 
Tp h 

Ttwist = —Ti respectively. 


t A (Tv)z 


I L *IV 


lOifl 



,10 lb 


— IJL '**>">»■ 

/ . fcztoikin. 

i 

X 



137s in 


20.0(0.51693) 240(1.5) 

1.1687(2)(0.125) _ 2.3374 


= -118.6 psi 


In - Plane Principal Stress: a x = 0, cr z = 0 and t xz = -118.6 psi for point A. 
Applying Eq. 9-5 


°T,2 - 


(T Y + a 7 



+ T 


2 

xz 


= 0 ± Vo + (-118.6 ) 2 


(j\ = 119 psi 


a 2 = -119 psi 


Ans. 


U 6 t> ps<. 
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9-99. Solve Prob. 9-98 for point B , which is located on the 
surface of the pipe. 


Internal Forces , Torque and Moment: As shown on FBD. 
Section Properties: 


I = ^ (l.5 4 - 1.375 4 ) = 1.1687 in 4 
J = y (l.5 4 - 1.375 4 ) = 2.3374 in 4 


(Qb)z = o 

Normal Stress: Applying the flexure formula a = 
200(1.5) 


MyZ 

~TT 9 


°B 


1.1687 


= 256.7 psi 


20 lb 




Shear Stress: Torsional shear stress can be obtained using torsion formula, 
= Tp 

T twist T • 


240(1.5) 

t b — T twist — 2 3374 _ 154.0 psi 


In - Plane Prinicipal Stress: a x = 256.7 psi, cr^ = 0, and r xy = —154.0 psi for point B. 
Applying Eq. 9-5 


cr x + a v 


°T,2 - 


°x - °>\ 2 


+ r 


xy 


256.7 + 0 ( // 256.7 - 0 


+ (-154.0) 2 


= 128.35 ± 200.49 
(j\ = 329 psi cr 2 = -72.1 psi 


Ans. 



■ » 2$kf Jf>s i 
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* 9 - 100 . The clamp exerts a force of 150 lb on the boards 
at G. Determine the axial force in each screw, AB and CD , 
and then compute the principal stresses at points E and F. 
Show the results on properly oriented elements located at 
these points. The section through EF is rectangular and is 
1 in. wide. 

Support Reactions: FBD(a). 

C+2M 5 = 0; FcdO) - 150(7) = 0 F CD = 3501b 
+ t2F y = 0; 350 - 150 - F AB = 0 F AB = 2001b 

Internal Forces and Moment: As shown on FBD(b). 



Section Properties: 

1 = i 7 ^)( L53 ) = °- 28125in4 

Qe = 0 

Q f = y'A’ = 0.5(0.5)(1) = 0.250 in 3 


My 

Normal Stress: Applying the flexure formula a = ——, 

-300(0.75) 

a /. =- n OQiOC — — 800 psi 


(j F = 


0.28125 

-300(0.25) 

0.28125 


= 266.67 psi 


Shear Stress: Applying the shear formula r = 


200 ( 0 ) 

Tp = _7—T777 = 0 


VQ 
It ’ 


= 


0.28125(1) 

200(0.250) 

0.28125(1) 


= 177.78 psi 


In - Plane Principal Stress: cr x = 800 psi, a y = 0 and r xy = 0 for point E. Since no 
shear stress acts upon the element. 


(T\ ~ cr x ~ 800 psi 

a 2 = a y = 0 

cr x = 266.67 psi, a y = 0, and r xy = 177.IS psi for point F. Applying Eq. 9-5 


Ans. 

Ans. 


d v + d v 


°T,2 ~ 




+ ri 


266.67 + 0 


266.67 - 0 


+ 177.78 2 


= 133.33 ± 222.22 
d i = 356 psi d 2 = -88.9 psi 


Ans. 
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9 - 102 . The state of stress at a point in a member is shown 
on the element. Determine the stress components acting on 
the plane AB. 


Construction of the Circle: In accordance with the sign convention, cr x = -50 MPa, 
cr y = -100 MPa, and r xy = -28 MPa. Hence, 


cr Y + cr 


'y -50 + (-100) 


avg 


= -75.0 MPa 


The coordinates for reference points A and C are A(-50, -28) and C(- 75.0,0). 

The radius of the circle is R = V(75.0 - 50) 2 + 28 2 = 37.54 MPa. 

Stress on the Rotated Element: The normal and shear stress components 
(oy and t x y) are represented by the coordinates of point P on the circle 

oy = -75.0 + 37.54 cos 71.76° = -63.3 MPa Ans. 

T x 'y> = 37.54 sin 71.76° = 35.7 MPa Ans. 


A 
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9-103. The propeller shaft of the tugboat is subjected to 
the compressive force and torque shown. If the shaft has an 
inner diameter of 100 mm and an outer diameter of 150 mm, 
determine the principal stress at a point A located on the 
outer surface. 



Internal Loadings: Considering the equilibrium of the free - body diagram of the 
propeller shaft’s right segment, Fig. a , 

2F X = 0; 10 - TV = 0 A = lOkN 

= 0; 7-2 = 0 7 = 2 kN • m 

Section Properties: The cross - sectional area and the polar moment of inertia of the 
propeller shaft’s cross section are 

A = tj-(0.075 2 - 0.05 2 ) = 3.125t 7(10~ 3 ) m 2 
J = j (0.075 4 - 0.05 4 ) = 12.6953125tt( 10 -6 ) m 4 


Normal and Shear Stress: The normal stress is a contributed by axial stress only. 



io(io 3 ) 

. , = -1.019 MPa 

3.125tt(10 -3 ) 


The shear stress is contributed by the torsional shear stress only. 


Tc 2(i0 3 )(0.075) 

J 12.6953125tt(10~ 6 ) 


3.761 MPa 


The state of stress at point A is represented by the element shown in Fig. b. 


Construction of the Circle: a x = -1.019 MPa, cr y = 0, and r xy = -3.761 MPa. 
Thus, 


^avg 


a x + (Ty 
2 


-1.019 + 0 
2 


-0.5093 MPa 


The coordinates of reference point A and the center C of the circle are 
A(—1.019, -3.761) C(-0.5093, 0) 

Thus, the radius of the circle is 

R = CA = V[— 1.019 - (-0.5093)] 2 + (-3.761) 2 = 3.795 MPa 
Using these results, the circle is shown is Fig. c. 

In - Plane Principal Stress: The coordinates of reference points B and D represent 
cJi and <r 2 , respectively. 

ai = -0.5093 + 3.795 = 3.29 MPa Ans. 

o- 2 = -0.5093 - 3.795 = -4.30 MPa Ans. 
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9-103. Continued 

Orientation of the Principal Plane: Referring to the geometry of the circle, Fig. d , 

3.761 


tan 2(^)2 = — 


= 7.3846 


.019 - 0.5093 

(■ 0pj 2 = 41.1° (clockwise) Ans. 

The state of principal stresses is represented on the element shown in Fig. d. 

3-76/m. 


x- 



LA) 



W 


10 M l-oHMk .' 


\r 


Cb) 
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*9-104. The box beam is subjected to the loading shown. 
Determine the principal stress in the beam at points A and B. 


Support Reactions: As shown on FBD(a). 

Internal Forces and Moment: As shown on FBD(b). 
Section Properties: 

1 = ^( 8 )( 83 ) - ^ 6 )( 63 ) = 233-33 in 4 
Qa = Qb = o 

Normal Stress: Applying the flexure formula. 

My 




-300(12)(4) 

23333 


61.71 psi 


—300(12)(—3) 
23333 


-46.29 psi 


Shear Stress: Since Q A = Q B = 0, then r A = t b = 0. 


In - Plane Principal Stress: a x = 61.71 psi, cr y = 0, and r xy 
no shear stress acts on the element, 

= 0 for point A. Since 

<Tj = cr x ~ 61.7 psi 

Ans. 

o 

II 

b 

II 

<N 

b 

Ans. 

cr x = -46.29 psi, ct y = 0, and r xy = 0 for point B. Since no shear stress acts on the 
element, 

o 

II 

b 

II 

b 

Ans. 

(J2 = = — 46.3 psi 

Ans. 



36>o ib 


0 » 



Parn+ A 


Point 6 
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•9-105. The wooden strut is subjected to the loading 
shown. Determine the principal stresses that act at point C 
and specify the orientation of the element at this point. 
The strut is supported by a bolt (pin) at B and smooth 
support at A. 


50 N 50 N 40 N 40 N 


100 mmj U ^ 

25 mm 

> 

■z 60 °J 

u 

u 

l 

B 

\\\\\\\\\\\ 

r\c 

\Wv4\ x 

wWv\\\ 

mw 


L . 

50 mm 






zOO mm 
100] 

mm 100 

200 mm 

1 mm 

200 mm 

zOO mm 


Q c = y'A' = 0.025(0.05)(0.025) = 31.25(1(T 6 ) m 3 
/ = T (0.025)(0.1 3 ) = 2.0833(1(T 6 ) m 4 


Normal stress: a c = 0 
Shear stress: 

VQ C 44(31.25)(10“ 6 ) 


It 2.0833(1(T 6 )(0.025) 
Principal stress: 


= 26.4 kPa 


a x = a y = 0 ; 


r xy = -26.4 kPa 


a r + a v 


°T,2 ' 


<r x - 0>\ 2 


+ T z 


= 0 ± Vo + (26.4) 2 
cr 1 = 26.4 kPa ; cr 2 = —26.4 kPa 


Orientation of principal stress: 


tan 2 6 p 



oo 


0 p = +45° and -45° 


Ans. 


Use Eq. 9-1 to determine the principal plane of cr 1 and a 2 

a x + (Ty a x ~ (Jy 

a x > = -—-1-—-cos 20 + r xy sin 20 

0 = 0 p = -45° 

oy = 0 + 0 + (-26.4) sin(-90°) = 26.4 kPa 

Therefore, 0 pi = -45°; 0 pi = 45° Ans. 


4 kPa 



SPAi £>aJ -2M 

! I I 


I 


1 


\oin\ AjdAij 

361 


SOU 



7 - 4 - 4 . hi 

) M T 2i 2, N ** 





• 6 + /</>* 
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9-106. The wooden strut is subjected to the loading shown. 
If grains of wood in the strut at point C make an angle of 60° 
with the horizontal as shown, determine the normal and 
shear stresses that act perpendicular and parallel to the 
grains, respectively, due to the loading. The strut is supported 
by a bolt (pin) at B and smooth support at A. 


50 N 50 N 40 N 40 N 



Qc = y'A' = 0.025(0.05)(0.025) = 31.25(1(T 6 ) m 3 
7 = 4 , (0.025)(0.1 3 ) = 2.0833(10 -6 ) m 4 


Normal stress: cr c = 0 


Shear stress: 


VQ C 

T = — - 


44(31.25)(1CT 6 ) 

2.0833(10“ 6 )(0.025) 


26.4 kPa 


Stress transformation: a x = a y = 0; r xy = -26.4 kPa; 6 = 30° 

d x + a x - d y 

cr x < =-—-1-—-cos 26 + r xy sin 20 

= 0 + 0 + (-26.4) sin 60° = -22.9 kPa 

T x'y' = - 2 - S ^ n + t jc y cos 2$ 

= -0 + (-26.4) cos 60° = -13.2 kPa 


Ans. 


Ans. 


sson 

Mil J p-- 44 * 

i t ; • ; | y i 

q+tj an 
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10-1. Prove that the sum of the normal strains in 
perpendicular directions is constant. 


( 1 ) 

( 2 ) 

QED 


s x + £ y s x - £ y yxy 

s x > = ——-1- ——- cos 20 + ~ sin 20 

x 2 2 2 

s x £ y s x ~ s y yxy 

s v ' = —---- cos 26 -— sin 26 

y 2 2 2 

Adding Eq. (1) and Eq. (2) yields: 
s x > + sy = s x + s y = constant 
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10-2. The state of strain at the point has components 
of e x = 200 (1(T 6 ), = -300 (10~ 6 ), and y xy = 400(10~ 6 )- 

Use the strain-transformation equations to determine the 
equivalent in-plane strains on an element oriented at an 
angle of 30° counterclockwise from the original position. 
Sketch the deformed element due to these strains within the 
x-y plane. 



In accordance to the established sign convention, 

e x = 200(10 -6 )’ e y = -300(10“ 6 ) y xy = 400(10 -6 ) 6 = 30° 


S x + Sy B x — By y X y 

---1---cos 26 + —- sin 26 

2 2 2 

200 + (-300) 200 - (-300) 400 

-1-- +-1-- cos 60° +-sin 60° (10“ 6 ) 

2 2 2 


= 248 (10“ 6 ) 

y x'y' f s x — Sx 


yxy 

sin 26 H-cos 26 

2 


y xy = | -[200 - (-300)] sin 60° + 400 cos 60° j(10~ 6 ) 


= -233(10~ 6 ) 


B x + By B x ~ By y % y 

By = —----cos 26 -— sin 26 

200 + (-300) 200 -(-300) _ o 400 . 

----- cos 60-— sin 60 

2 2 2 


( 10 “ 6 ) 


= -348(10 -6 ) 

The deformed element of this equivalent state of strain is shown in Fig. a 


Ans. 


Ans. 


Ans. 
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10-3. A strain gauge is mounted on the l-in.-diameter 
A-36 steel shaft in the manner shown. When the shaft is 
rotating with an angular velocity of (o = 1760 rev/min, the 
reading on the strain gauge is e = 800(10 -6 ). Determine 
the power output of the motor. Assume the shaft is only 
subjected to a torque. 



w = (1760rev/min)(^)(^) = 184.307 rad/s 

S X — Sy — 0 

s x "b s y £ x ~ s y Try 

s x ' = —--1--- cos 26 + —— sin 26 

x 2 2 2 

, ^ x y 

800(10~ 6 ) = 0 + 0 + — sin 120° 

y xy = 1.848(10 -3 ) rad 


t = Gy xy = 11(10 3 )(1.848)(10“ 3 ) = 20.323 ksi 



20.323 = 


7(0.5) 
f (0.5) 4 ; 


T = 3.99 kip • in = 332.5 lb • ft 


P = Too = 0.332.5 (184.307) = 61.3 kips • ft/s = 111 hp 


Ans. 
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*10-4. The state of strain at a point on a wrench 
has components e x = 120(10 -6 ), e y = -180(10 -6 ), y xy = 
150(10 -6 ). Use the strain-transformation equations to 
determine (a) the in-plane principal strains and (b) the 
maximum in-plane shear strain and average normal strain. 
In each case specify the orientation of the element and show 
how the strains deform the element within the x-y plane. 


= 120(10 -6 ) £}; = -180(10 -6 ) y X}; = 150(10 -6 ) 

s r + s v 


a ) s l,2 _ 


E r - E v \2 


fY 


120 + (-180) // 120 - (-180) V /150 V 


2 J + [-Tj 


Sl = 138(10“ 5 ); 8 2 = -198(10“ b ) 


10 “ 


Ans. 


Orientation of Sy and e 2 

= yxy = 150 

tan p ~ s x ~ £ y ~ [120 - (-180)] 
0 p = 13.28° and -76.72° 


= 0.5 


Use Eq. 10.5 to determine the direction of e* and e 2 

s x + s y s x - s y yxy 

s x > = ——-1- ——- cos 20 + ——— sin 20 

x 2 2 2 


0 = 0 p = 13.28° 


120 + (-180) 120 - (-180) 150 . 

---1--- cos (26.56 ) H—— sin 26.56 

2 2 2 


10 " 


= 138 (10“ 6 ) = 8! 

Therefore 0 P] = 13.3°; 0 f2 = -76.7° 


b) 


y 

‘ max 
in-plane 


7max = 2 

in-plane 


S X s y\2 




f 120 - (-180) V /150V 


e v + e„ 




120 + (-180) 


+ IT-J 


10“ 6 = 335 (10“ 6 ) 


10“ 6 = -30.0(10“ 6 ) 


Ans. 


Ans. 


Ans. 


Orientation of y max 

~(B x ~e y ) -[120 - (-180)] 
tan 20 v =-=-— -= -2.0 


7^ 

0 v = -31.7° and 58.3° 


150 


Ans. 


Use Eq. 10-6 to determine the sign of 

t'y' £ x £y 


7 

1 max 
in-plane 


, sin 2d + —— cos 26 
2 2 


e = e s = —3i.7 c 

120 - (-180) 

Jx'y' = 2 


sin (—63.4°) + cos (-63.4°) 


10 -6 = 335(10 -6 ) 
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10-5. The state of strain at the point on the arm 
has components e x = 250(10 -6 ), e y = -450(10 -6 ), y xy = 
-825(10 -6 ). Use the strain-transformation equations to 
determine (a) the in-plane principal strains and (b) the 
maximum in-plane shear strain and average normal strain. 
In each case specify the orientation of the element and show 
how the strains deform the element within the x-y plane. 


e x = 250(1(T 6 ) e y = -450(1(T 6 ) y xy = -825(1(T 6 ) 

a) 


s l,2 


s x + s v 


250 - 450 


s x s y \ 2 + ^YxiJ 




(io- 6 ) 


ei = 441(10“ 6 ) 
e 2 = —641(10 -6 ) 

Orientation of si and s 2 : 

^ -825 


s x — s y 250 - (-450) 


6 p = -24.84° and 6 p = 65.16° 


Use Eq. 10-5 to determine the direction of si and s 2 : 

s x + s y s x - s y yxy 

s x ' = ——-1- ——- cos 20 + —— sin 20 

x 2 2 2 



Ans. 

Ans. 



0 = 0 p = -24.84° 


250 - 450 250 - (-450) / x -825 

---1--- cos (-49.69°) H--—sin (-49.69°) 


( 10 ^ 6 ) 


441(10 -6 ) 
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10-6. The state of strain at the point has components of 
e x = -100(1(T 6 ), e y = 400(1(T 6 ), and y xy = -300(1CT 6 )- 
Use the strain-transformation equations to determine the 
equivalent in-plane strains on an element oriented at an 
angle of 60° counterclockwise from the original position. 
Sketch the deformed element due to these strains within 
the x-y plane. 


In accordance to the established sign convention, 

e x = -100(1(T 6 ) e y = 400(10 -6 ) y xy = -300(1(T 6 ) 6 = 60° 


8 r + S v 


s y 7 xy 

— -cos 20 + —- sin 20 

2 2 


-100 + 400 -100 - 400 _ -300 . _ 

---1--- cos 120 H--— sin 120 

2 2 2 


(io -6 ) 


= 145(10“ 6 ) 


y x y 

~Y 



yxy 

sin 20 + —— cos 20 
2 


Ans. 



y x w = 


-(-100 - 400) sin 120° + (-300) cos 120° 


(1(T 6 ) 


= 583(10~ 6 ) 


B x + By B x Sy y xy 

e v > = —---- cos 26 -— sin 26 

y 2 2 2 


-100 + 400 -100 - 400 -300 . 

cos 120°-— sin 120° 


(io- 6 ) 


2 2 2 
= 155 (10~ 6 ) 

The deformed element of this equivalent state of strain is shown in Fig. a 


Ans. 


Ans. 
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10-7. The state of strain at the point has components of 
e x = 100(1(T 6 ), e y = 300(1(T 6 ), and y xy = -150(1CT 6 )- 
Use the strain-transformation equations to determine the 
equivalent in-plane strains on an element oriented 0 = 30° 
clockwise. Sketch the deformed element due to these 
strains within the x-y plane. 


In accordance to the established sign convention, 

s x = 100(10 -6 ) e y = 300(10 -6 ) y xy = -150(1(T 6 ) 9 = -30° 


s.t + s.v e x ~ By y xy 

——-1- ——- cos 20 + —— sin 20 

2 2 2 


100 + 300 100 - 300 , -150 . , 

- 2 -+- 2 - cos (-60°) + — sin (-60°) 


(io -6 ) 


= 215(10“ 6 ) 
y x y (Bx - B 


y x y = 


x °y \ y xy 

—-— sin 29 + —— cos 29 

2 J 2 


-(100 - 300) sin (-60°) + (-150) cos (-60°) 


(io- 6 ) 


= -248 (10~ 6 ) 


s y s x s y 


l^xy 

_ cos 20 -— sin 20 

2 2 


Ans. 


Ans. 


100 + 300 100 - 300 , -150 . . 

- 2 - 2 - cos (-60°) - — sin (-60°) 


( 10 - 6 ) 


= 185(10~ 6 ) 

The deformed element of this equivalent state of strain is shown in Fig. a 


Ans. 




(a) 
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*10-8. The state of strain at the point on the bracket 
has components e x = -200(10 -6 ), e y = -650(10 -6 ), y xy = 
-175(10 -6 ). Use the strain-transformation equations to 
determine the equivalent in-plane strains on an element 
oriented at an angle of 6 = 20° counterclockwise from the 
original position. Sketch the deformed element due to these 
strains within the x-y plane. 


s x = -200(1(T 6 ) e y = -650(1(T 6 ) y xy = -175(1(T 6 ) 6 = 20° 


S x + By S x By y xy 

---1--- cos 2d + sin 26 

2 2 2 


-200 + (-650) (-200) - (-650) 


cos (40°) + 


(-175) . 


sin (40°) 


( 10 “ 6 ) 


= -309(10~ 6 ) 


Ans. 


s y s x s y 


yxy 

_ cos 26 -— sin 26 

2 2 


-200 + (-650) -200 - (-650) (-175) 

-^--- 7T -- cos (40°) - sin (40°) 


= -541(10 -6 ) 


( 10 “ 6 ) 

Ans. 


yx'y' yxy 

=--- sin 26 + —- cos 26 

2 2 2 


yx'y' = [-(-200 - (-650)) sin (40°) + (-175) cos (40°)](10“ 6 ) 


= -423(10“ 6 ) 


Ans. 
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10-9. The state of strain at the point has components of 
e x = 180(1(T 6 ), = -120(1CT 6 ), and y xy = -100(1CT 6 ). 

Use the strain-transformation equations to determine (a) 
the in-plane principal strains and (b) the maximum in-plane 
shear strain and average normal strain. In each case specify 
the orientation of the element and show how the strains 
deform the element within the x-y plane. 


a) In accordance to the established sign convention, s x = 180(10 6 ), 
83 , = - 120 ( 10 “ 6 ) and y xy = - 100 ( 10 “ 6 ). 


S x + 8 V 


s l,2 - 


WZfyj 


12 °) ± / 

0 s 

n 

1 

o 

00 

2 /-iooy 

V 

2 

v 2 ) 


(10-5 


= (30 ± 158.1l)(l(T 6 ) 
ej = 188(10“ 6 ) e 2 = —128(10 -6 ) 

y xy -100(1(T 6 ) 


Ans. 


tan 2 Op — 


“ e y [180 - (— 120 )]( 10 “ 6 ) 


= -0.3333 


6 P = -9.217° and 80.78° 


Substitute 6 = -9.217°, 


s x + 8 V 


7xy 


—-- 1 --- cos 26 + —- sin 26 

2 2 2 

180 + (- 120 ) 180 - (- 120 ) -100 
--- +--— cos (-18.43°) + sin (-18.43) 


= 188(1CT 6 ) = E t 
Thus, 

(6 P ) 1 = -9.22° (0 P ) 2 = 80.8° 

The deformed element is shown in Fig (a). 

y 

' max 
in-plane 


( 10 “ 6 ) 


Ans. 


b) 


e * " s y \ 2 (y*y \ 2 

+ 't) 


^max = < 9 
in-plane 1 


180 - (-120) 1 2 (-my 


tan 26 v = 


7xy 


[180 - (— 120 )]( 10 -6 ) 
- 100 ( 1 (T 6 ) 


(10 -6 ) = 316 (lO -6 ) Ans. 


= 3 


0 , = 35.78° = 35.8° and -54.22° = -54.2° 


Ans. 
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10-9. Continued 


The algebraic sign for 7 ?™ ane when 6 = 35.78°. 


Jx'y' 



sin 26 + 


7x3; 

~Y 


cos 20 


y x y = { — [180 - (-120)] sin 71.56° + (-100) cos 71.56° j(10 -6 ) 


= —316(10~ 6 ) 


S x + 8 V 


180 + (-120) 


(10“ 6 ) = 30(10“ 6 ) 


Ans. 


The deformed element for the state of maximum In-plane shear strain is shown is 
shown in Fig. b 
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10-10. The state of strain at the point on the bracket 
has components e x = 400(10 -6 ), e y = -250(10 -6 ), y xy = 
310(10 -6 ). Use the strain-transformation equations to 
determine the equivalent in-plane strains on an element 
oriented at an angle of 6 = 30° clockwise from the original 
position. Sketch the deformed element due to these strains 
within the x-y plane. 


s x = 400(1(T 6 ) e y = -250(1(T 6 ) y xy = 310(1(T 6 ) 6 = -30° 


S x + Ey E x Ey y xy 

---1--- cos 2d + - sin 26 

2 2 2 


400 + (-250) 400 - (-250) 


310\ . 


cos (-60°) + — sin (-60°) 


( 1 (T 6 ) 


= 103(10 -6 ) 


Ans. 


s y s x s y 


l^xy 

_ cos 26 -— sin 26 

2 2 


400 + (-250) 400 - (-250) , x 310 

-2-2- - C0S ^ 60 °^ _ ~ 2 ~ Sm ^ _60 °^ 


( 10 “ 6 ) 


= 46.7(10 -6 ) 


Ans. 


TV/ yxy 

—— = --- sin 26 + —- cos 26 

2 2 2 


y , = [-(400 - (-250)) sin (-60°) + 310 cos (-60°)](10“ 6 ) = 718(10“ 6 ) Ans. 
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10-11. The state of strain at the point has components of 
e* = - 100 ( 1 (T 6 ), e y = - 200 ( 1 (T 6 ), and y xy = 100 ( 1 (T 6 )- 
Use the strain-transformation equations to determine (a) 
the in-plane principal strains and (b) the maximum in-plane 
shear strain and average normal strain. In each case specify 
the orientation of the element and show how the strains 
deform the element within the x-y plane. 


In accordance to the established sign convention, s x = -100(10 6 ), 
83 , = - 200 ( 10 “ 6 ) and 7 ^ = 100 ( 10 “ 6 ). 

S r + 8 V 


s l,2 - 


&x ^v\2 


IT 


-100 + (- 200 ) 


-100 - (- 200 ) 


(fT 


( 10 “ 6 ) 


= (-150 ± 70.7l)(10~ 6 ) 

El = -79.3(10“ 6 ) e 2 = -221(10“ 6 ) 

y xy ioo(io~ 6 ) 


tan 2 Op = 


e * “ s y [-100 - (- 200 )]( 10 “ 6 ) 

d P = 22.5° and -67.5° 
Substitute 6 = 22.5, 


= 1 


S Y + 8 V 


7xy 


- 1 --- cos 26 + —— sin 26 

2 2 2 

-100 + (- 200 ) -100 - (- 200 ) 100 

--- +--- cos 45° + — sin 45° 

2 2 2 

= -79.3(10“ 6 ) = Cl 


(io- 6 ) 


Ans. 



Thus, 

(Op), = 22.5° (0 P ) 2 = -67.5° 

The deformed element of the state of principal strain is shown in Fig. a 

Ttt 


' max 
in-plane 


S X s y\2 


+ i tT 


y* 


in-plane 


tan 26 v = - 


o 

o 

<N 

1 

o 

o 

t-H 

1 

2 ^ fmy 

/[ 2 

V 2 ) 


(10“ 6 ) = 141(10“ 6 ) 


Vxy 

6 v = -22.5° 


[-100 - (— 200 )]( 10 —6 ) 


100 ( 10 “ 6 ) 


= -1 


and 67.5° 


The algebraic sign for ^ a p x lane when 6 = -22.5°. 


sin 26 + —- cos 26 
2 


2 \ 2 
y xy = -[-100 - (—200)] sin(—45°) + 100cos(-45°) 


= 141(10 -6 ) 

Sv + £ v 


100 + (- 200 ) 


(10” b ) = -150(10 _b ) 


Ans. 


Ans. 


Ans. 


Ans. 


The deformed element for the state of maximum In-plane shear strain is shown in 
Fig. b. 
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10-11. Continued 



*10-12. The state of plane strain on an element is given by 
e x = 500(1CT 6 ), = 300(1(T 6 ), and y xy = -200(1CT 6 ). 

Determine the equivalent state of strain on an element at 
the same point oriented 45° clockwise with respect to the 
original element. 


Strain Transformation Equations: 

s x = 500(l(T 6 ) e y = 300(l(T 6 ) y xy = -200(l(T 6 ) 6 = -45° 

We obtain 


s x + £ y s x ~ s y 7xy 

—-- 1 --- cos 26 + —- sin 26 

2 2 2 


y 



500 + 300 500 - 300 , 

- T -+- t - cos (~ 90 ) + 


-200 


sin (-90°) 


(io- 6 ) 


= 500(l0” 


y x y 


£ x s y\ yxy 

sin 26 4 -cos 26 

2 


yxy = [-(500 - 300) sin (-90°) + (-200) cos (-90°)](l0“ 6 ) 
= 200 (l 0 ~ 6 ) 

S X + By S x ~ Sy y xy 

s v > =-cos 26 -sin 26 

y 2 2 2 


500 + 300 500 - 300 , ^-200 

cos (-90°) - 


sin (-90°) 


2 2 v 7 V 2 

= 300(l0~ 6 ) 

The deformed element for this state of strain is shown in Fig. a. 


>0+ 
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10-13. The state of plane strain on an element is 
e x = -300(10 -6 ), €y = 0, and y xy = 150(10 -6 ). Determine 
the equivalent state of strain which represents (a) the 
principal strains, and (b) the maximum in-plane shear strain 
and the associated average normal strain. Specify the 
orientation of the corresponding elements for these states 
of strain with respect to the original element. 


In-Plane Principal Strains: s x = -300(l0 6 ), s y = 0, and y xy = 150(l0 6 ). We 
obtain 



= (-150 ± 167.71)(l0~ 6 ) 

El = 17.7(l0~ 6 ) e 2 = -318(l0~ 6 ) Ans. 


Orientation of Principal Strain: 

y xy 150(l0- 6 ) 


tan 2 0 p = 


e x - £y (-300 - 0)(l0“ 6 ) 


= -0.5 


e P = -13.28° and 76.72° 


Substituting 6 = -13.28° into Eq. 9-1, 

£ x "b s y s x — s y If xy 

s x ' = —--1--- cos 26 + —— sin 26 

x 2 2 2 


-300 + 0 -300 - 0 , _ 150 . , _ 

-—-1--- cos (-26.57 ) + sin (-26.57 ) 


10 ” 


= -318(UT 6 ) = 


S2 



Thus, 

(0 P )i = 76.7° and (d P ) 2 = -13.3° 

The deformed element of this state of strain is shown in Fig. a. 

Maximum In-Plane Shear Strain: 



7max 

in-plane 



Orientation of the Maximum In-Plane Shear Strain: 


tan 26, = - 
6, = 31.7° and 122° 


u 

(-300 - 0)(l0“ 6 ) 

r 

150(l0“ 6 ) 


= 2 


Ans. 


Ans. 


Ans. 
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10-13. Continued 


The algebraic sign for 

's x - e 


' max 
in-plane 


when 0 = 0 S = 31.7° can be obtained using 


y X 'y' 


y \ y xy 

- - sin 20 H-cos 20 

2 / 2 


y xy = [-(-300 - 0) sin 63.43° + 150 cos 63.43°](l0~ 6 ) 
= 335(l0“ 6 ) 


Average Normal Strain: 


Sr + S v 


^avg 


-300 + 0 


(l0“ 6 ) = -150(l0 -6 ) 


2 V 2 

The deformed element for this state of strain is shown in Fig. b. 


Ans. 
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10-14. The state of strain at the point on a boom of an 
hydraulic engine crane has components of e x = 250(10 -6 ), 
e y = 300(10 -6 ), and y xy = -180(10 -6 ). Use the strain- 
transformation equations to determine (a) the in-plane 
principal strains and (b) the maximum in-plane shear strain 
and average normal strain. In each case, specify the 
orientation of the element and show how the strains deform 
the element within the x-y plane. 


a) 


In-Plane Principal Strain: Applying Eq. 10-9, 
s r + s v 


s l,2 


IT 


250 + 300 


250 - 300 V f -180'y 




(10 


— 6 \ 


= 275 ± 93.41 
= 368(l0~ 6 ) 


e, = 368(11) °J e 2 = 182(l0~ 6 ) 

Orientation of Principal Strain: Applying Eq. 10-8, 

y xy -i80(io~ 6 ) 


Ans. 


tan 2 Op — 


= 3.600 


e x - s y (250 - 300)(10 -6 ) 
d P = 37.24° and -52.76° 

Use Eq. 10-5 to determine which principal strain deforms the element in the x' 
direction with 0 = 37.24°. 


s x + 8 V 


7xy 


- cos 20 + —— sin 26 

2 2 


250 + 300 250 - 300 _ „ on -180 . _ „ on 

+--- cos 74.48° + —— sin 74.48° 


2 2 
= 182(l0^ 6 ) = s 2 
Hence, 

6 P1 = -52.8° and 0 P2 = 37.2° 


)o- 6 ) 


Ans. 


b) 

Maximum In-Plane Shear Strain: Applying Eq. 10-11, 



= 187(l0“ 6 ) Ans. 
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• 10 - 17 . Solve part (a) of Prob. 10-4 using Mohr’s circle. 

e x = 120(10“ 6 ) = -180(10“ 6 ) y xy = 150(10“ 6 ) 

A (120, 75)(10~ 6 ) C (-30, 0)(10~ 6 ) 

R = [V[120 - (-30)] 2 + (75) 2 ](10~ 6 ) 

= 167.71 (10“ 6 ) 

sj = (-30 + 167.71)(10~ 6 ) = 138(10 -6 ) Ans. 

e 2 = (-30 - 167.71)(10~ 6 ) = -198(10^ 6 ) Ans. 
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10 - 18 . Solve part (b) of Prob. 10-4 using Mohr’s circle. 


e x = 120(10“ 6 ) = -180(10“ 6 ) y xy = 150(10“ 6 ) 

A (120,75)(10~ 6 ) C (-30, 0)(10~ 6 ) 

R = [ V[120 - (-30)] 2 + (75) 2 ](10~ 6 ) 

= 167.71 (10“ 6 ) 


Ans. 

Ans. 

tan 20 s = ~~~ 0 S = -31.7° Ans. 


Yxy 


= R = 167.7(10“ 6 ) 


' in-plane 


y X y _ 


= 335(10~ 6 ) 


in-plane 
Savg = -30 (10- 6 ) 

120 + 30 



z 


6 C ID*) 
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10 - 19 . Solve Prob. 10-8 using Mohr’s circle. 


e* = -200(1(T 6 ) s y = -650(1(T 6 ) y xy = -175(1(T 6 ) 


6 = 20°, 26 = 40° 

A(—200, —87.5)(1(T 6 ) C(-425,0)(1(T 6 ) 


R = [V(— 200 - (-425)) 2 + 87.5 2 ](1CT 6 ) = 241.41(10~ 6 ) 
87 5 

tan a = _2 0Q _'(—425) ’ “ = 21 ' 25 ° 

<t> = 40 + 21.25 = 61.25° 


s x > = (-425 + 241.41 cos 61.25°)(10“ 6 ) = -309(10“ 6 ) 
s y = (-425 - 241.41 cos 61.25°)(10^ 6 ) = -541(10~ 6 ) 


— y x'' 

—^- = 241.41(10 -6 ) sin 61.25° 
Vxy = -423(10- 6 ) 


— = -87.5(10- 6 ) 


Ans. 

Ans. 


Ans. 
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* 10 - 20 . Solve Prob. 10-10 using Mohr’s circle. 


e x = 400(1CT 6 ) = -250(1(T 6 ) y xy = 310(1(T 6 ) — = 155(1(T 6 ) 6 = 30° 

>1(400,155)(10 -6 ) C(75,0)(10 -6 ) 

R = [ V (400 - 75) 2 + 155 2 ](10 6 ) = 360 . 1 ( 10 ~ 6 ) 

tana = ^oUU5 ; “ = 25 - 50 ° 


4> = 60 + 25.50 = 85.5° 

s x ' = (75 + 360.1 cos 85.5°)(10 -6 ) = 103(10 -6 ) Ans. 

e y = (75 - 360.1 cos 85.5°)(10~ 6 ) = 46.7(10~ 6 ) Ans. 

y t i 

Y = (360.1 sin 85.5°)(10“ 6 ) 

y xy = 718(10~ 6 ) Ans. 
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• 10 - 21 . Solve Prob. 10-14 using Mohr’s circle. 


Construction of the Circle: In accordance with the sign convention, s x = 250(l0 6 ), 
y 

e y = 300(l(T 6 ), and ~Y = — 90(l0~ 6 ). Hence, 


^avg 


S X + Sy 
2 


^ 250 + 300 ^ 


(l0“ 6 ) = 275(l0 -6 ) 


Ans. 


The coordinates for reference points A and C are 
A(250, -90)(l0 -6 ) C(275, 0)(l0 -6 ) 

The radius of the circle is 
R = ^ V (275 - 250) 2 + 90 2 ^(l0“ 6 ) = 93.408 

In-Plane Principal Strain: The coordinates of points B and D represent and e 2 , 
respectively. 

e 1 = (275 + 93.408)(l0~ 6 ) = 368(l0~ 6 ) Ans. 

e 2 = (275 - 93.408)(l0~ 6 ) = 182(l0^ 6 ) Ans. 

Orientation of Principal Strain: From the circle, 

tan 26p > = 275 - 0 250 = 3 ' 60 ° 26r ‘ = 74 ' 48 ° 

2 e Pl = 180° - 2 e Pl 

180° — 74 78° 

9p 1 = -—— : -= 52.8° ( Clockwise ) Ans. 


Maximum In-Plane Shear Strain: Represented by the coordinates of point E on 
the circle. 


- = -R = -93.408(l0~ 6 ) 

insane = -187(lQ- 6 ) Ans. 


Orientation of the Maximum In-Plane Shear Strain: From the circle, 


tan 26 s 


275 - 250 
90 


0.2778 


6 S = 7.76° ( Clockwise ) 


Ans. 
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10 - 22 . The strain at point A on the bracket has 
components e x = 300(10 -6 ), e y = 550(10 -6 ), y xy = 
-650(10 -6 ). Determine (a) the principal strains at A in the 
x-y plane, (b) the maximum shear strain in the x-y plane, 
and (c) the absolute maximum shear strain. 


s x = 300(10“ 6 ) 


= 550(10“ 6 ) y xy = -650(10“ 6 ) — = -325(10“ 6 ) 


yxy 

~2 


>1(300, -325)10“ 6 C(425,0)10 -6 

R = [ V(425 - 300) 2 + (-325) 2 ]l0~ 6 = 348.2(10~ 6 ) 


n-piane = 2R = 2(348.2)(10- 6 ) = 696(10- fe ) 


Ans. 


c) 




Ans. 



a) 




e, = (425 + 348.2)(10 -6 ) = 773(10 -6 ) 

Ans. 



e 2 = (425 - 348.2)(10~ 6 ) = 76.8(10~ 6 ) 

Ans. 


rv_y' 



10 - 23 . The strain at point A on the leg of the angle has 
components e x = -140(1(T 6 ), e y = 180(1(T 6 ), y xy = 
-125(10 -6 ). Determine (a) the principal strains at A in the 
x-y plane, (b) the maximum shear strain in the x-y plane, 
and (c) the absolute maximum shear strain. 


= -140(10 -6 ) = 180(10 -6 ) y X}; = —125(10 -6 ) 

A(—140, -62.5)10 -6 C(20, 0)10~ 6 

R = (V(20 - (—140)) 2 + (—62.5) 2 )l0~ 6 = 171.77(10' 6 ) 

a) 

ej = (20 + 171.77)(10“ 6 ) = 192(10“ 6 ) 
e 2 = (20 - 171.77)(10“ 6 ) = -152(10~ 6 ) 

(b, c) 

max = i/plane = 2R = 2(171.77)(1Q- 6 ) = 344(10“ 6 ) 


7xy 

~2 


—- = -62.5(10“ 6 ) 


Ans. 

Ans. 

Ans. 
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• 10 - 25 . The 60° strain rosette is mounted on the bracket. 
The following readings are obtained for each gauge: 
e a = —100(1(T 6 ), e b = 250(1(T 6 ), and e c = 150(1CT 6 ). 
Determine (a) the principal strains and (b) the maximum in¬ 
plane shear strain and associated average normal strain. In 
each case show the deformed element due to these strains. 


This is a 60° strain rosette Thus, 
e x = s a = -100(1(T 6 ) 

By = | (2 s b + 2e c - e a ) 



= f [2(250) + 2(150) - (-100)](10“ 6 ) 

= 300(10 6 ) 

Vxy = -U(e 6 - e c ) = ^ (250 - 150)(1Q- 6 ) = 115.47(1Q- 6 ) 


In accordance to the established sign convention, s x = -100(10 6 ), s y = 300(10 6 ) 

If xy 

and ~y = 57.74(10“ 6 ). 


Thus, 

s x + s y 

£ avg — 9 


^ -100 + 300 


( 10 “ 6 ) = 100 ( 10 “ 6 ) 


Then, the coordinates of reference point A and Center C of the circle are 
^(-100, 57.74)(10“ 6 ) C(100, 0)(10“ 6 ) 


Thus, the radius of the circle is 

R = CA = ( V (-100 - 100) 2 + 208.16^(10~ 6 ) = 208.17(10^ 6 ) 
Using these result, the circle is shown in Fig. a. 

The coordinates of points B and D represent and s 2 respectively. 


e, = (100 + 208.17)(10 -6 ) = 308(10^ 6 ) 
e 2 = (100 - 208.17)(10“ 6 ) = -108(10“ 6 ) 


Referring to the geometry of the circle, 
57.74(10 -6 ) 


tan 2(6p) 2 — 


= 0.2887 


(100 + 100 )( 10 ” 6 ) 

(0p) 2 = 8.05° (Clockwise) 

The deformed element for the state of principal strain is shown in Fig. b. 


Ans. 


Ans. 

Ans. 


Ans. 
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10-25. Continued 


The coordinates for point E represent e avg and 


^max 

in-plane 

—--. Thus, 

2 


y 

• max 

= R = 208.17(10“ 6 ) 


y 

' max 
in-plane 


416(1(T 6 ) 


Ans. 


Referring to the geometry of the circle, 
100 + 100 

tan 20 v = 


57.74 

0 S = 36.9° (Counter Clockwise) 


Ans. 


The deformed element for the state of maximum In-plane shear strain is shown in 
Fig. c. 
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10-26. The 60° strain rosette is mounted on a beam. 
The following readings are obtained for each gauge: 
€ a = 200(10 -6 ), e b = —450(10 -6 ), and e c = 250(10 -6 ). 
Determine (a) the in-plane principal strains and (b) the 
maximum in-plane shear strain and average normal strain. 
In each case show the deformed element due to these strains. 


With 6 a = 60°, 6 b = 120° and 0 C = 180°, 

s a = s x cos 2 0 a + s y sin 2 6 a + y xy sin 6 a cos 6 a 

200(10 -6 ) = e x cos 2 60° + Sy sin 2 60° + y xy sin 60° cos 60° 

0.25e x + 0.75s y + 0.4330 y xy = 200(10“ 6 ) 

s b = s x cos 2 0 b + s y sin 2 0 b + y xy sin 6 b cos 6 b 
-450(10 -6 ) = s x cos 2 120° + Sy sin 2 120° + y xy sin 120° cos 120° 
0.25e x + 0.758^ “ 0-4330 7*.y = -450(10^ 6 ) 

s c = s x cos 2 6 C + 83; sin 2 6 C + y xy sin 6 C cos 0 C 

250(10 -6 ) = s x cos 2 180° + s y sin 2 180° + y xy sin 180° cos 180° 

8* = 250(10 -6 ) 

Substitute this result into Eqs. (1) and (2) and solve them, 

s y = -250 (10~ 6 ) y xy = 750.56 (10~ 6 ) 



( 1 ) 


( 2 ) 


In accordance to the established sign convention, s x = 250(10 6 ), s y = -250(10 6 ), 
and -y- = 375.28(Hr 6 ),Thus, 


^avg 


£ x + Sy 
2 


250 + (-250)" 
2 


( 10 ^ 6 ) = 0 


Ans. 


Then, the coordinates of the reference point A and center C of the circle are 
A(250, 375.28)(10“ 6 ) C(0, 0) 

Thus, the radius of the circle is 

R = CA = (V(250 - 0) 2 + 375.28 2 )(10~ 6 ) = 450.92(10^ 6 ) 

Using these results, the circle is shown in Fig. a. 

The coordinates for points B and D represent si and e 2 , respectively. Thus, 

El = 451(10 -6 ) e 2 = —451(10 -6 ) Ans. 

Referring to the geometry of the circle, 

375 28 

tan 2(0 P )\ = = 1.5011 

(0p)i = 28.2° ( Counter Clockwise ) Ans. 

The deformed element for the state of principal strains is shown in Fig. b. 
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10-26. Continued 


The coordinates of point E represent e avg and 


y 

' max 

Thus, 

2 


^max 

in-plane 

2 


R = 450.92(10“ 6 ) 


7 

' max 
in-plane 


902(10“ 6 ) 


Ans. 


Referring to the geometry of the circle, 

250 

tan 20 s = ———— = 0.6662 
5 375.28 

0 S = 16.8° (< Clockwise ) Ans. 
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10-27. The 45° strain rosette is mounted on a steel shaft. 
The following readings are obtained from each gauge: 
e a = 300(1(T 6 ), e* = -250(1(T 6 ), and e c = -450(1CT 6 )- 
Determine (a) the in-plane principal strains and (b) the 
maximum in-plane shear strain and average normal strain. 
In each case show the deformed element due to these strains. 


With 6 a = 45°, Q b = 90° and 0 C = 135°, 

= s x cos 2 6 a + s y sin 2 6 a + y xy sin 0 a cos 0 a 
300(10 -6 ) = e x cos 2 45° + 8^ sin 2 45° + y xy sin 45° cos 45° 

fix + + 7xy = 600(10- 6 ) (1) 

s b = s x cos 2 6 b + s y sin 2 0 b + y xy sin 6 b cos 6 b 
-250(10 -6 ) = 8 x cos 2 90° + s y sin 2 90° + y xy sin 90° cos 90° 

8^ = -250(10“ 6 ) 

s c = s x cos 2 0 C + s y sin 2 6 C + y xy sin 6 C cos 6 C 
-450(10 -6 ) = s x cos 2 135° + s y sin 2 135° + y xy sin 135° cos 135° 
fix + - yxy = -900(10- 6 ) (2) 

Substitute the result of s y into Eq. (1) and (2) and solve them 
e< = 100(10- 6 ) y xy = 750(10- 6 ) 


In accordance to the established sign convention, s x = 100(10 6 ), s v = -250(10 6 ) 

y x y s 

and — = 375(10 _6 )-Thus, 


8y + Sv 


100 + (-250) 
2 


(10“ 6 ) = -75(10“ 6 ) 


Ans. 


Then, the coordinates of the reference point A and the center C of the circle are 
,4(100, 375)(10“ 6 ) C(—75,0)(10“ 6 ) 


Thus, the radius of the circle is 

R = CA = (V[100 - (—75)] 2 + 375 2 ^(10 -6 ) = 413.82(10^ 6 ) 
Using these results, the circle is shown in Fig. a. 


The Coordinates of points B and D represent s x and e 2 , respectively. Thus, 
e, = (-75 + 413.82)(10^ 6 ) = 339(10^ 6 ) 
e 2 = (-75 - 413.82)(10“ 6 ) = -489(10“ 6 ) 

Referring to the geometry of the circle 


tan 2 {6p)i 
(Op) l 


375 


= 2.1429 


100 + 75 
32.5° (Counter Clockwise) 


Ans. 

Ans. 


Ans. 
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10-27. Continued 


The deformed element for the state of principal strains is shown in Fig. b. 


' max 
in-plane 


The coordinates of point E represent e avg and —-—. Thus 


y 

' max 
in-plane 


= R = 413.82(10 6 ) t- ne = 828(l(T b ) 


Ans. 


Referring to the geometry of the circle 


-100 + 75 

tan 26 s = -—-= 0.4667 

5 375 

6 S = 12.5° (i Clockwise ) 


Ans. 
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*10-28. The 45° strain rosette is mounted on the link of 
the backhoe. The following readings are obtained from 
each gauge: e a = 650(1CT 6 ), e b = -300(1CT 6 ), e c = 480(1CT 6 ). 

Determine (a) the in-plane principal strains and (b) the 
maximum in-plane shear strain and associated average 
normal strain. 

s a = 650(1(T 6 ); e b = -300(1(T 6 ); e c = 480(1(T 6 ) 

6 a = 180°; 6 b = 225° 0 C = 270° 

Applying Eq. 10-16, e = e x cos 2 0 + s y sin 2 6/ + y lv sin6cos0 
650(10~ 6 ) = e x cos 2 (180°) + e y sin 2 (180°) + y xy sin (180°) cos (180°) 
s x = 650 (10“ 6 ) 

480 (10~ 6 ) = s* cos 2 (270°) + e y sin 2 (270°) + y xy sin (270°) cos (270°) 
s y = 480 (10~ 6 ) 

-300 (10~ 6 ) = 650 (10~ 6 ) cos 2 (225°) + 480 (10~ 6 ) sin 2 (225°) + y^sin (225°) cos (225°) 

Jxy = -1730 (10- 6 ) 

Therefore, e x = 650 (Hr 6 ) s y = 480 (10 -6 ) y xy = -1730 (10 -6 ) 

7 xy , 

— = -865 (10“ 6 ) 

Mohr’s circle: 

A(650, -865) 10~ 6 C(565, 0) 10~ 6 

R = CA = [ V(650 - 565) 2 + 865 2 ]l0“ 6 = 869.17 (10“ 6 ) 



(a) 


(b) 


ej = [565 + 869.17]10 6 = 1434 (10~ 6 ) 
e 2 = [565 - 869.17J10 6 = -304 (10~ 6 ) 
i/plane = 2 R = 2(869.17) (10“ 6 ) = 1738 (10- 6 ) 
e avg = 565(10~ 6 ) 


Ans. 

Ans. 

Ans. 




2, J 



t C/o~*' 
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10-30. For the case of plane stress, show that Hooke’s law 
can be written as 


Generalized Hooke’s Law: For plane stress, cr z = 0. Applying Eq. 10-18, 



[i] 


Es y = — V a x + (Jy 


Adding Eq [1] and Eq.[2] yields. 


vE s x - E s y = (j y — v 2 (j y 



(Q.E.D.) 


Substituting a y into Eq. [2] 



E(ve x + e y ) Ee y 


V (1 - v 2 ) V 


E v s x + E Sy - E s y + Es y v 2 


v(l - v 2 ) 



(Q.E.D.) 


770 


























10 Solutions 46060 6/8/10 3:15 PM Page 771 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-31. Use Hooke’s law, Eq. 10-18, to develop the strain- 
transformation equations, Eqs. 10-5 and 10-6, from the 
stress-transformation equations, Eqs. 9-1 and 9-2. 


Stress transformation equations: 


<7 X + <Ty <T X - (Ty 

<j x > = „ + „ cos 26 + r xv sin 26 

x 2 2 y 

(1) 

°x — & y 

T x y = 2 SU1 26 + T X y COS 26 

(2) 

(T X + (Ty a x ~ (Jy 

cry = 2 2 COS ^ Tx y s * n ^ 

(3) 

Hooke’s Law: 


va y 

Bx E E 

(4) 

-va x <Ty 

8 ,, — + 
y E E 

(5) 

T xy = G Jxy 

(6) 

r - E 

2 (1 + v) 

(7) 

From Eqs. (4) and (5) 


(1 - v)((T x + <Ty) 

e x + s y - E 

(8) 

(1 + v)(a x - (Ty) 

S X £ y — jy 

(9) 

From Eqs. (6) and (7) 


E 

Txy ~ 2 (1 + v) yxy 

(10) 

From Eq. (4) 


_ <r x > v<r y 

Sx ' E E 

(11) 

Substitute Eqs. (1) and (3) into Eq. (11) 


(1 - v)(<T x - (Ty) (1 + v)((T x - (Ty) (1 + v)r xy sin 26 

S v ' — _ _ = _ cos 26 + _ 

x 2 E 2 E E 

(12) 

By using Eqs. (8), (9) and (10) and substitute into Eq. (12), 


s x + £y Sx - £ y yxy 

s x f = „ + „ cos 26 + „ sin 26 

x 2 2 2 

QED 
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10-31. Continued 


From Eq. (6). 


_ E 

y X y ^ 'Yx'y' 2 (1 + v) ^ x ' y ' 

(13) 

Substitute Eqs. (13), (6) and (9) into Eq. (2), 


E E(s x - e y ) E 

2 (1 + v) ~ 2 (1 + „) 29 * 2 (1 + ,.) y -’ " s 29 

yx'y' (e x - By) y xy 

„ = „ sin 26 + „ cos 26 

2 2 2 

QED 

*10-32. A bar of copper alloy is loaded in a tension 
machine and it is determined that e x = 940(10 -6 ) and 
(t x = 14 ksi, cr y = 0, cr z = 0. Determine the modulus of 
elasticity, E^, and the dilatation, e^, of the copper. 
v cu = 0.35. 


= j: Wx ~ v(a y + a 7 )] 

940(10~ 6 ) = [i 4 (io 3 ) - 0.35(0 + 0)] 

EqU 


E cu = 14.9(10 3 ) ksi 

Ans. 

1 - 2v 1 - 2(0.35) 

e cu = E Vy + a z ) = 14 9(40 3 ) ( 14 + 0 + °) = 0.282(10 3 ) 

Ans. 

•10-33. The principal strains at a point on the aluminum 
fuselage of a jet aircraft are e 1 = 780(10 -6 ) and e 2 = 

400(10 -6 ). Determine the associated principal stresses at 
the point in the same plane. E al = 10(10 3 ) ksi, v al = 0.33. 

Hint: See Prob. 10-30. 


Plane stress, <x 3 = 0 


See Prob 10-30, 


E , 

<T\ = , 2 (®1 + Ve 2) 

1 - v- 

10 (10 3 ) 

= (780(10~ 6 ) + 0.33(400)(10~ 6 )) = 10.2 ksi 

E . 

<?2 = , 2 (®2 + ve l) 

1 - V 

Ans. 

10 (10 3 ) 

= 1 03 ^ 2 (400(10“ 6 ) + 0.33(780)(10“ 6 )) = 7.38 ksi 

Ans. 
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10-34. The rod is made of aluminum 2014-T6. If it is 
subjected to the tensile load of 700 N and has a diameter of 
20 mm, determine the absolute maximum shear strain in the 
rod at a point on its surface. 


700 N, 


700 N 


Normal Stress: For uniaxial loading, a y = cr z = 0. 


cr 


X 


p_ 

A 


700 

f (0.02 2 ) 


2.228 MPa 


Normal Strain: Applying the generalized Hooke’s Law. 


e x = ^ [<r x - + <n)] 

=-\—sr I"2.228( 10 6 ) - ol 

73.1(10 9 ) L v ' J 
= 30.48(lCT 6 ) 

By = ~E “ V(y<7x + ^ 

= ^iW)f°' 0 ' 35(2 ' 228(l0 ^ +0 ^ 

= -10.67(l0~ 6 ) 
e z = \[ a z- v(<T x + cr y )] 

= ^iMf 0 ' 0 ' 35(2 ' 228(l0 ^ +0 ^ 

= -10.67(l0~ 6 ) 

Therefore. 

e max = 30.48(l0- 6 ) e min = -10.67(l0- 6 ) 
Absolute Maximum Shear Strain: 

^abs — o —f 
max G max & min 

= [30.48 - (-10.67)](l0“ 6 ) = 41.l(l0“ 6 ) 


Ans. 
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10-35. The rod is made of aluminum 2014-T6. If it is 
subjected to the tensile load of 700 N and has a diameter of 
20 mm, determine the principal strains at a point on the 
surface of the rod. 


700 N, 


700 N 


Normal Stress: For uniaxial loading, cr y = a z = 0. 

P 700 


(Tr = —r = 


( 0 . 02 2 ) 


= 2.228 MPa 


Normal Strains: Applying the generalized Hooke’s Law. 


e x = £ [o'* - v(a y + <r z )] 

=- - — 5 - [2.228(l0 6 ) - 01 

73.1(10 9 ) L \ > i 

= 30.48(l(T 6 ) 

e y = \ [°> - v ( a * + 'n)] 

= mho 9 ) [° - °- 35 ( 2 - 228 ( 106 ) + °)] 

= -10.67(l<T 6 ) 

e z = ^[ a z ~ v {<?x + °>)] 

= 71U0 9 ) [° ~ a35 ( 2 - 228 ( 106 ) + °)] 

= -10.67(l0“ 6 ) 

Principal Strains: From the results obtained above, 

e max = 30.5(l(T 6 ) 8 int = e min = -10.7(l(T 6 ) 


Ans. 
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*10-36. The steel shaft has a radius of 15 mm. Determine 
the torque T in the shaft if the two strain gauges, attached to 
the surface of the shaft, report strains of e x > = -80(10 -6 ) 
and e y > = 80(10 -6 ). Also, compute the strains acting in the x 
and y directions. E st = 200 GPa, v st = 0.3. 

e x ' = —80(1(T 6 ) e y = 80(1(T 6 ) 

Pure shear 

s x = s y = 0 Ans. 

s x ' = s x cos 2 6 + s y sin 2 6 + y xy sin 0 cos 0 



e = 45° 

-80(10 -6 ) = 0 + 0 + y xy sin 45° cos 45° 

y xy = -160(10 -6 ) Ans. 

Also, 6 = 135° 


80(10“ 6 ) = 0 + 0 + y sin 135° cos 135° 


G = 


y xy = -160(10 -6 ) 

E 200(10 9 ) 


= 76.923(10 9 ) 


2(1 + V) 2(1 + 0.3) 

r = Gy = 76.923(10 9 )(160)(10~ 6 ) = 12.308(10 6 ) Pa 


T = — = 
c 


12.308(10 6 )(y)(0.015)‘ 


0.015 


= 65.2 N-m 


Ans. 


10-37. Determine the bulk modulus for each of the 
following materials: (a) rubber, E Y = 0.4 ksi, v x = 0.48, and 
(b) glass, E g = 8(10 3 ) ksi, v g = 0.24. 


a) For rubber: 

E r 

K r = 


0.4 


3 (1 - 2 v r ) 3[1 - 2(0.48)] 
b) For glass: 


= 8(1Q J ) 

g 3(1-2 vj 3[1- 2(0.24)] 


= 3.33 ksi 


= 5.13 (10 3 ) ksi 


Ans. 


Ans. 


775 































10 Solutions 46060 6/8/10 3:15 PM Page 776 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-38. The principal stresses at a point are shown in the 
figure. If the material is A-36 steel, determine the 
principal strains. 

Si = [o-i - v (*2 + 03 )] = 29 0 | 10 3 ) 1 12 - 0.32[8 + (-20)] j = 546 (10“ 6 ) 

s 2 = \ [<r 2 - vfo + a 3 )] = 290 ; 1Q3) {s - 0.32[l2 + (-20)]} = 364 (10“ 6 ) 

s 3 = \ [<^3 - vfo + a 2 )\ = - [-20 - 0.32(12 + 8)] = -910 (HF 6 ) 

s max = 546 (10- 6 ) e int = 346 (IQ- 6 ) e min = -910 (10~ 6 ) Ans. 


12 ksi 



10-39. The spherical pressure vessel has an inner 
diameter of 2 m and a thickness of 10 mm. A strain gauge 
having a length of 20 mm is attached to it, and it is observed 
to increase in length by 0.012 mm when the vessel 
is pressurized. Determine the pressure causing this 
deformation, and find the maximum in-plane shear stress, 
and the absolute maximum shear stress at a point on the 
outer surface of the vessel. The material is steel, for which 
E st = 200 GPa and v st = 0.3. 


Normal Stresses: Since - = = iqq > iq pie thin wall analysis is valid to 

t 10 J 

determine the normal stress in the wall of the spherical vessel. This is a plane stress 

problem where o- min = 0 since there is no load acting on the outer surface of the wall. 


_ pr _ p(1000) _ CA n 
°' max °' lat 2 1 2(10) 5 °'° P 

Normal Strains: Applying the generalized Hooke’s Law with 

0.012 


^max ^lat 


20 


= 0.600(l0 3 ) mm/mm 


[ 1 ] 


e max £ [^"max ^ (°"lat °"min)] 

0.600(10- 3 ) - 200( 1 1q4) [50.0 p - 0.3(50.0 p + 0 )] 

p = 3.4286 MPa = 3.43 MPa 
From Eq.[l] cr max = cr lat = 50.0(3.4286) = 171.43 MPa 


Ans. 


Maximum In-Plane Shear (Sphere’s Surface): Mohr’s circle is simply a dot. As the 
result, the state of stress is the same consisting of two normal stresses with zero 
shear stress regardless of the orientation of the element. 


max _ n 
in-plane u 


Ans. 


Absolute Maximum Shear Stress: 


T a k § _ ^"max ^"min 
max 


171.43 - 0 


= 85.7MPa 


Ans. 






7(r**) 
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*10-40. The strain in the x direction at point A on the 
steel beam is measured and found to be e x = -100(10 -6 ). 
Determine the applied load P. What is the shear strain y xy 
at point A? E st = 29(10 3 ) ksi, v st = 0.3. 


P 



3 m. j 

L 


A 

t x 


/®\ 

Q 

)—3 ft —- 

^-4 ft-- 

^-7 ft 



h = ^( 6 )( 9 ) 3 - 4 (5 ’ 5)(83) = 129 ’ 833 ‘ n4 

Q a = (4.25)(0.5)(6) + (2.75)(0.5)(2.5) = 16.1875 in 3 
a = Ee x = 29(10 3 )(100)(10~ 6 ) = 2.90 ksi 


(T = 


T A 


My 


2.90 = 


1.5P(12)(1.5) 


I 1 ™ 129.833 

P = 13.945 = 13.9 kip 
VQ 0.5(13.945)(16.1875) 


It 


= 1.739 ksi 


G = 


= 11.154(10 3 ) ksi 


129.833(0.5) 

E _ 29(10 3 ) 

2(1 + v) “ 2(1 + 0.3) 

t xy 1 739 

y xv = —— = -’-= 0.156(10 3 ) rad 

Yxy G 11.154(10 3 ) V ^ 


Ans. 


Ans. 
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•10-41. The cross section of the rectangular beam is 
subjected to the bending moment M. Determine an 
expression for the increase in length of lines AB and CD. 
The material has a modulus of elasticity E and Poisson’s 
ratio is v. 


For line AB , 

My My YIMy 

az = ~~r = ^bh^ ~~bW 

v cr z 12 v My 
Ey ~ ~ E ~ Ebh 3 

a, f . 12 vM n 

4L " " l ‘’ dy = TTJ? I ydy 

3 vM 
~ 2 Ebh 

For line CD, 

Me _ M | 6 M 

v cr z _ 6 V M 

Bx ~ 77 “ 1/bh 2 

Ar _ , _6vM m 

A E CD - s x E cd - 2 (y) 

Ebh A 

_ 6 vM 
Eh 2 



Ans. 


Ans. 


10-42. The principal stresses at a point are shown in 
the figure. If the material is aluminum for which 
F al = 10(10 3 ) ksi and v a \ = 0.33, determine the principal 
strains. 

e* = |(<r x - v(a y + <r z )) = —^(10 - 0.33(—15 - 26)) = 2.35(10 3 ) Ans. 
e, = - v(o-, + <r z )) = ^^(-15 - 0.33)(10 - 26)) = -0.972(10- 3 )Ans. 

S Z = - v(a x + <Ty)) = *q 3 (-26 - 0.33(10 - 15)) = -2.44(10“ 3 ) Ans. 


26 ksi 
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10-43. A single strain gauge, placed on the outer surface 
and at an angle of 30° to the axis of the pipe, gives a reading 
at point A of e a = -200(1CT 6 ). Determine the horizontal 
force P if the pipe has an outer diameter of 2 in. and an 
inner diameter of 1 in. The pipe is made of A-36 steel. 

Using the method of section and consider the equilibrium of the FBD of the pipe’s 
upper segment, Fig. a, 


ZF z = 0 ; 
2M X = 0; 
2 M, = 0 ; 


V z -p = o V z = p 
T x -p( 1.5) = 0 T x = 1.5 p 
My - p( 2.5) = 0 M y = 2.5p 


The normal strees is due to bending only. For point A, z = 0. Thus 
= 0 



My Z 


The shear stress is the combination of torsional shear stress and transverse shear 
stress. Here, J = § (l 4 - 0.5 4 ) = 0.46875 t t in 4 . Thus, for point A 

_ T x c _ 1.5p(12)(l) _ 38.4 p 
T ‘ ~ 7T ~~ 0.46875ir ~~ ir 

Referring to Fig. b , 

( Qa)z = y'lAi ~ y'2^2 = 


4(1) 


f(© 


4(0.5) 




= 0.5833 in 3 

I y = 4 (l 4 - 0.5 4 ) = 0.234375 ir in 4 
Combine these two shear stress components. 


38.4P 2.4889R 40.8889R 

T = T t + T v = - + - = - 

77 77 77 





7 


(a) 


Since no normal stress acting on point A, it is subjected to pure shear which can be 
represented by the element shown in Fig. c. 

For pure shear, s x = s z = 0, 

s a = s x cos 3 6 a + s z sin 2 0 a + y xz sin 6 a cos 0 a 

-200(10~ 6 ) = 0 + 0 + y xz sin 150° cos 150° 

y xz = 461.88(10 -6 ) 

Applying the Hooke’s Law for shear, 

t xz = G yxz 

40.8889 P 


O-^Fn 



y'eiMr 

m*' 37f m - 

0>) 


= 11.0(10 3 )[461.88(10 -6 )] 


P = 0.3904 kip = 390 lb 


Ans. 
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*10-44. A single strain gauge, placed in the vertical plane 
on the outer surface and at an angle of 30° to the axis of the 
pipe, gives a reading at point A of e a = -200(10 -6 ). 
Determine the principal strains in the pipe at point A. The 
pipe has an outer diameter of 2 in. and an inner diameter of 
1 in. and is made of A-36 steel. 


Using the method of sections and consider the equilibrium of the FBD of the pipe’s 
upper segment, Fig. a , 

2F Z = 0; V z - P = 0 V z = P 

= 0; T x - P( 1.5) = 0 T x = 1.5 P 


ZMy = 0; My - P( 2.5) = 0 M y = 2.5P 
By observation, no normal stress acting on point A. Thus, this is a case of pure shear. 
For the case of pure shear, 

S x £7 &y 0 

s a = s x cos 2 6 a + s z sin 2 6 a + y xz sin 6 a cos 6 a 
-200(10“ 6 ) = 0 + 0 + y xz sin 150° cos 150° 
y xz = 461.88(1CT 6 ) 


e x + s z Ue r - s 7 \2 

8l ’2 “ + 

0 + 0 
2 ± 

8! = 231(10“ 6 ) 8 2 = -231(10“ 6 ) 


Txz ^ 2 

2 


0 - 0V 


461.8 


( 10 - 6 ) 


Ans. 




0z) 
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10 - 45 . The cylindrical pressure vessel is fabricated using 
hemispherical end caps in order to reduce the bending stress 
that would occur if flat ends were used. The bending stresses 
at the seam where the caps are attached can be eliminated 
by proper choice of the thickness t h and t c of the caps and 
cylinder, respectively. This requires the radial expansion to 
be the same for both the hemispheres and cylinder. Show 
that this ratio is t c /t h = (2 - v)/(l - v) .Assume that the 
vessel is made of the same material and both the cylinder 
and hemispheres have the same inner radius. If the cylinder 
is to have a thickness of 0.5 in., what is the required thickness 
of the hemispheres? Take v = 0.3. 


For cylindrical vessel: 


o-i = 


pr 


o- 2 = 


pr 

2 t r 


ei = — Wl - v (a2 + 0-3)] 0-3 = 0 


1 11 _ 111 

E\t r 2 t r 


pr 

E t r 




, Pr2f 1 

dr = s ^ = Y7\ l -2 v 


For hemispherical end caps: 


°T _ ( J 2 


pr 

2 t h 


t c 



(i) 


El = £ [0-1 - V (0-2 + 0-3)]; 


0-3 = 0 


1 f pr vpr \ pr 


E \2t h 2 t h 


2 E t h 


(1-v) 


dr = e x r = 


p r 


(1 - v) 


2 Et h 

Equate Eqs. (1) and (2): 


P r _ 
Et c 

E _ 

th 

th = 


'-rj- 

2(1 -;v) 

1 - V 

(1 - v) t c = 

2 - v 


p r 
2 E t h 

2 - v 


(1-v) 


1 - V 

(1 - 0.3) (0.5) 
2 - 0.3 


= 0.206 in. 


( 2 ) 


QED 


Ans. 
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10-46. The principal strains in a plane, measured 
experimentally at a point on the aluminum fuselage of a jet 
aircraft, are e 1 = 630(10 -6 ) and e 2 = 350(10 -6 ). If this is 
a case of plane stress, determine the associated principal 
stresses at the point in the same plane. E a{ = 10(10 3 ) ksi 
and v aX = 0.33. 

Normal Stresses: For plane stress, cr 3 = 0. 

Normal Strains: Applying the generalized Hooke’s Law. 

Si = -f [a 1 - v (0-2 + cr 3 )] 

630 ( 10 “ 6 ) = - °-33(^2 + 0)] 

6.30 = cr\ — 0.33cr 2 [1] 

e 2 = -f [cr 2 - v (cri + 0-3)] 

350 ( 10 " 6 ) = I^lh - o.^ 1 + o) ] 

3.50 = o- 2 - 0.33o-! [2] 

Solving Eqs.[l] and [2] yields: 

cti = 8.37 ksi cr 2 = 6.26 ksi Ans. 


10-47. The principal stresses at a point are shown in 
the figure. If the material is aluminum for which 
E a i = 10(10 3 ) ksi and v aX = 0.33, determine the principal 
strains. 

ei = ^ [o-i - v(o- 2 + 0 - 3 )] = 10 ^ q3 ) 1 8 - 0.33[3 + (-4)] j = 833 (1(T 6 ) 

s 2 = [<r 2 ~ v(o-, + o- 3 )] = 1 ^ 1 3 - 0.33[8 + (-4)]| = 168 (10“ 6 ) 

e 3 = \ b - v(<n + <r 2 )] = |(J( ^ o3) [-4 - 0.33(8 + 3)] = -763 (10“ 6 ) 

Using these results, 

El = 833(10“ 6 ) e 2 = 168(10“ 6 ) e 3 = -763(10“ 6 ) 


3 ksi 
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*10-48. The 6061-T6 aluminum alloy plate fits snugly into 
the rigid constraint. Determine the normal stresses a x and 
a y developed in the plate if the temperature is increased by 
A T = 50°C. To solve, add the thermal strain a AT to the 
equations for Hooke’s Law. 


300 mm 


400 mm 




Generalized Hooke’s Law: Since the sides of the aluminum plate are confined in the 
rigid constraint along the x and y directions, s x = s y = 0. However, the plate is 
allowed to have free expansion along the z direction. Thus, a z = 0. With the 
additional thermal strain term, we have 


8 


X 


E 




+ aAT 


0 = 


a x - 0.35(o- y + 0) + 24^10 -6 ^(50) 


68.9(l0 9 ) 

- 0.35O-,, = -82.68(l0 6 ) 


By = ~ [a-y - v[a x + a z )\ + aAT 


0 =- j —- [ciy - 0.35 (a x + 0)] + 24(l0“ 6 )(50) 

68.9f 10 9 J 

cfy - 035a x = -82.68(l0 6 ) 

Solving Eqs. (1) and (2), 

= dy = -127.2 MPa = 127.2 MPa (C) 

Since a x = cr y and cr y < cr Y , the above results are valid. 


a) 


( 2 ) 

Ans. 
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• 10 - 49 . Initially, gaps between the A-36 steel plate and 
the rigid constraint are as shown. Determine the normal 
stresses a x and a y developed in the plate if the temperature 
is increased by AT = 100°F. To solve, add the thermal 
strain a AT to the equations for Hooke’s Law. 


y 


0.0015 in. 

A 


6 in. 


-0.0025 in. 




Generalized Hooke’s Law: Since there are gaps between the sides of the plate and the rigid 
constraint, the plate is allowed to expand before it comes in contact with the constraint. 


Thus, e x = — = 


0.0025 

8 


= 0.3125(l0“ 3 ) and e y = y- = 


0.0015 


= 0.25(KT 


However, the plate is allowed to have free expansion along the z direction. Thus, <j z = 0. 
With the additional thermal strain term, we have 


1 

s x = — 
x E 


v(a y + a z ) 


+ aAT 


0.31251 KT 3 ) = 


1 


29.0 10 3 


[<t x - 0.32(0-,, + 0 )] + 6.60(l0~ 6 )(100) 


<j x - 0.32 a y = -10.0775 (1) 

e y = \[ (T y ~ v (^ + a z)] + “AT 

0.25(l0~ 3 ) =- 7 — -\<r v - 0.32 (cr x + 0)1 + 6.60(l0 _6 )(100) 

29.0(l0 3 ) L j v / 

cr y - 0.32(7, = -11.89 (2) 


Solving Eqs. (1) and (2), 

cr x = -15.5 ksi = 15.5 ksi (C) Ans. 

<j y = -16.8 ksi = 16.8 ksi (C) Ans. 

Since cr x < cr Y and a y < cr Y , the above results are valid. 
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* 10 - 52 . The block is fitted between the fixed supports. If the 
glued joint can resist a maximum shear stress of r allow = 2 ksi, 
determine the temperature rise that will cause the joint to fail. 
Take E = 10 (10 3 ) ksi, v = 0.2, and Hint: Use Eq. 10-18 with 
an additional strain term of a AT (Eq. 4^1). 



Normal Strain: Since the aluminum is confined along the y direction by the rigid 
frame, then s y = 0 and a x = cr z = 0. Applying the generalized Hooke’s Law with 
the additional thermal strain, 


8 





- v(a x + a z )] + ot\T 


° = ^ " °- 2( ° + 0) ] + 6 -°( 1(r6 )( Ar ) 
(T y = -0.06AT 


Construction of the Circle: In accordance with the sign convention. cr x = 0, 
a y = —0.06AT and r xy = 0. Hence. 


^"avg 


a x + (Ty 
2 


0 + (-0.06AT) 
2 


-0.03AT 


The coordinates for reference points A and C are A (0,0) and C(—0.03 AT, 0). 

The radius of the circle is R = V(0 - 0.03 AT) 2 + 0 = 0.03 AT 

Stress on The inclined plane: The shear stress components r x y, are represented by 
the coordinates of point P on the circle. 

t x 'y = 0.03A T sin 80° = 0.02954AT 

Allowable Shear Stress: 


T allow ^ x'y' 

2 = 0.02954AT 

AT = 67.7 °F Ans. 


o&ur 


T 
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• 10 - 53 . The smooth rigid-body cavity is filled with liquid 
6061-T6 aluminum. When cooled it is 0.012 in. from the top 
of the cavity. If the top of the cavity is covered and the 
temperature is increased by 200°F, determine the stress 
components a x , a y , and cr z in the aluminum. Hint: Use 
Eqs. 10-18 with an additional strain term of a AT (Eq. 4-4). 


Normal Strains: Since the aluminum is confined at its sides by a rigid container and 

0.012 

allowed to expand in the z direction, s x = s y = 0; whereas s z = —-— = 0.002. 

7 6 

Applying the generalized Hooke’s Law with the additional thermal strain, 


z 



B x = ^ [<r x ~ v(<Ty + cr z )] + aAT 

0 =-Up \er x - 0.35(cr v + oOl + 13.l(l0“ 6 ) (200) 

10.0(10 3 ) L V y z,i V ' ; 

0 = a x - 0.35(7^ - 0.35cr z + 26.2 [1] 

e.v = £ [o-y - v(a x + a z ) + aAT 

0 =-— r \<t v - 0.35(0-* + a A 1 + 13.l(l0“ 6 ) (200) 

10.0(10 3 ) L y V zJi V ; 


0 = cr y — 0.35cr x - 0.35 <t z + 26.2 [2] 

e z = -| [<t z - v(cr x + o- y )] + aAT 

°- 002 = 100 | 1q3) [°"z - 0.35(o-* + a y )} + 13.l(l0 -6 ) (200) 

0 = a z - 0.35<t x - 0.35(7^ + 6.20 [3] 

Solving Eqs.[l], [2] and [3] yields: 

cr x = cr y = -70.0 ksi <r z = -55.2 ksi Ans. 
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10 - 54 . The smooth rigid-body cavity is filled with liquid 
6061-T6 aluminum. When cooled it is 0.012 in. from the top 
of the cavity. If the top of the cavity is not covered and the 
temperature is increased by 200°F, determine the strain 
components e x , e y , and e z in the aluminum. Hint: Use 
Eqs. 10-18 with an additional strain term of a\T (Eq. 4-4). 


Normal Strains: Since the aluminum is confined at its sides by a rigid container, 
then 


z 



s x = s y = 0 Ans. 

and since it is not restrained in z direction , cr z = 0. Applying the generalized 
Hooke’s Law with the additional thermal strain, 

e * = g A ~ v {<ry + °4] + “ Ar 

0 = ^ “ 035 (^ + °)] + 13 - 1 ( 10 " 6 ) (20 °) 

0 = <t x - 0.35cr y + 26.2 [1] 

^ [o-y ~ v(a x + a z )] + ct\T 

0 = mW) _ 035K + 0) ] + 13A ( W ~ 6 ) ( 20 °) 

0 = d y — 0.35cr x + 26.2 [2] 

Solving Eqs. [1] and [2] yields: 

a x = (T y = —40.31 ksi 

= - v (^ + U] + aAr 

= 100 | 103) |0 - 0.35[—40.31 + (-40.31)]) + 13.l(l0- 6 ) (200) 

= 5.44(l0^ 3 ) Ans. 
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10 - 55 . A thin-walled spherical pressure vessel having an 
inner radius r and thickness t is subjected to an internal 
pressure p. Show that the increase in the volume within 
the vessel is AU = (2pirr A / Et)(l - v). Use a small-strain 
analysis. 


<T \ ( J 2 


pr 
21 


a 3 = 0 

Si = S 2 = -f (o’! - va 2 ) 


6i = e 2 = —— (1 — v) 
1 1 2tE y ’ 

S3 = ^ + (t 2 )) 


S3 = “ 


v pr 

7 ~E 


V = 


4 ITT 3 
3 


A iJT 

V + AV = — (r + Ar) 3 




where AU « U, Ar « r 


U + AU - 


477 a 


1 + 3- 


Ar 


AU / Ar 

£ Vol _ _ — 


Since ex = e 2 = 


2ir(r + Ar) -27rr Ar 

277 r r 


3pr 

£voi = 3ei = ^-^(1 - v) 


2/777 r 4 

AU = Ue Vol = -^-(1 - v) 


QED 
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* 10 - 56 . A thin-walled cylindrical pressure vessel has an 
inner radius r, thickness t , and length L. If it is subjected 
to an internal pressure p , show that the increase in 
its inner radius is dr = re x = pr 2 { 1 - \v)jEt and the 
increase in its length is A L = pLr{\ - v)/Et. Using these 
results, show that the change in internal volume becomes 
dV = 7rr 2 (l + 6 1 ) 2 (1 + e 2 )L - ttv 2 L. Since e 1 and e 2 are 
small quantities, show further that the change in volume 
per unit volume, called volumetric strain , can be written as 
dV/V = pr (2.5 - 2 v)/Et. 


Normal stress: 


pr 


p r 


Normal strain: Applying Hooke’s law 


6] = — [Cl - V(<T 2 + 0- 3 )], O- 3 = 0 



v pr 
~lt 




QED 


S 2 = ^ \<*2 ~ V(<7i + O 3 )], O - 3 = 0 



pr 

Et 




QED 


V' = 7r(r + r) 2 (L + 8 2 L) ; V = irr 2 L 

dV = V' - V = 7 rr 2 (1 + £l ) 2 (1 + s 2 )L - 7 rr 2 L 

(1 + ex) 2 = 1 + 28! neglect s 2 term 

(1 + £\) 2 (1 + e 2 ) = (1 + 2 83X1 + e 2 ) = 1 + s 2 + 2 neglect 8382 term 

dV 

- 1 + 8 2 + 2 s 1 - 1 - e 2 + 2 8 X 


QED 



pr 

- (2.5 - 2 „) 


QED 


791 




















10 Solutions 46060 6/8/10 3:15 PM Page 792 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10 - 57 . The rubber block is confined in the U-shape 
smooth rigid block. If the rubber has a modulus of elasticity 
E and Poisson’s ratio v, determine the effective modulus of 
elasticity of the rubber under the confined condition. 



Generalized Hooke’s Law: Under this confined condition, s x = 0 and cr y = 0. We 
have 


Sx = £ [<r x - v{cj y + <r z )] 

o = (o- x - v<7 z ) 
a x = va z 

*z = e “ V ^ x + ^)] 

e z = ^ Wz ~ v ( cr x + 0 )] 

s z = ^ ( a z ~ v<r x ) 
Substituting Eq. (1) into Eq. (2), 



(i) 


( 2 ) 


The effective modulus of elasticity of the rubber block under the confined condition 
can be determined by considering the rubber block as unconfined but rather 
undergoing the same normal strain of s z when it is subjected to the same normal 
stress <r z ,Thus, 


E„ = ^ = 

^eff 




E 

1 - v 2 


Ans. 
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10 - 58 . A soft material is placed within the confines of a 
rigid cylinder which rests on a rigid support. Assuming that 
e x = 0 and e y = 0, determine the factor by which the 
modulus of elasticity will be increased when a load is 
applied if v = 0.3 for the material. 


Normal Strain: Since the material is confined in a rigid cylinder. s x = s y = 0. 
Applying the generalized Hooke’s Law, 

\ A - v K + 

0 = <J X ~ v(a y + a z ) [1] 

e ? = \ Vy ~ V l j v + °7>] 

o = o-y - v(a x + a-) [2] 


z 



Solving Eqs.[l] and [2] yields: 


Thus, 




= ~p[ (T ^~ + a y)] 


1_ 

E 

E 


v v 

vl 1^7^ +137^ 

2v 2 1 


1 - v_ 

1 - v - 2 v 2_i 


1 - V 

(1 + v)(l - 2v 


1 - v 


Thus, when the material is not being confined and undergoes the same normal strain 
of e z , then the requtred modulus of elasticity is 

T^ t (T z 1 — v ^ 

E ' = V Z = (1 - 2v)(l + V) E 

E' 1 - v 

The increased factor is k = = —- - — -- 

E (1 - 2v)(l + v) 

_ 1 - 0.3 

_ [1 - 2(0.3)](1 + 0.3) 

= 1.35 Ans. 
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10 - 59 . A material is subjected to plane stress. Express 
the distortion-energy theory of failure in terms of a x , <r y , 
and r xy . 


Maximum distortion energy theory: 
(crj ~ (T\ a 2 + cr 2 ) = °Y 


°T,2 


<T X + <Ty 
2 


± 



+ T 


2 


(i) 


Let a = 


a x + (Jy 
2 


and b = 



= a + b\ d 2 = a — b 


o\ = a 2 + b 2 + 2 a b; a 2 = a 1 + b 2 - 2 a b 
a 1 (j 2 = a 2 — b 2 


From Eq. (1) 

(a 2 + b 2 + 2 a b — a 2 + b 2 + a 2 + b 2 — 2 a b) = a 2 
(a 2 + 3 b 2 ) = (i\ 


(<7- x + <7y) 2 (a x - a y ) 2 


+ 3- 


+ 3 T 2 X y= (j\ 


<7 X + <Ty- (T x (Jy + 3 T xy = try 


Ans. 


* 10 - 60 . A material is subjected to plane stress. Express 
the maximum-shear-stress theory of failure in terms of cr x , 
cr y , and T xy . Assume that the principal stresses are of 
different algebraic signs. 

Maximum shear stress theory: 


l°T °"2l _ (J Y 




From Eq. (1) 



(<T X - CTyf + 4 T 2 X y = <y\ 


( 1 ) 


Ans. 
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• 10 - 61 . An aluminum alloy 6061-T6 is to be used for 
a solid drive shaft such that it transmits 40 hp at 2400 
rev/min. Using a factor of safety of 2 with respect to 
yielding, determine the smallest-diameter shaft that can be 
selected based on the maximum-shear-stress theory. 


. ~ ™ rev w 277 rad\/l min\ 
o) = 2400 —— )(-)( ——— ) = 80 77 rad/s 

mm A rev A 60s ) 1 


„ P 40 (550)(12) 3300 „ 

T = - = -—-=-lb • in. 

(0 80 77 


77 


Applying r = 


I 33001 

77 4 


6600 

3 3 

77 <r 


The principal stresses: 
6600 


6600 


(Ti T 2 3' 
77 Z CT 


cr 2 = ~T = 


Maximum shear stress theory: Both principal stresses have opposite sign, hence, 



a Y . 

/ 6600 \ 

37 (10 3 ) 

°T _ a 2 

F.S. ’ 

UvJ 

2 


c = 0.4166 in. 
d = 0.833 in. 


10 - 62 . Solve Prob. 10-61 using the maximum-distortion- 
energy theory. 


» = 1 2400 . 80 „rad/s 


Ans. 


min ) \ rev 


60s ) 


„ P 40(550)(12) 3300 . 

T = — = -—-=-lb.in. 

CO 80 77 


77 


Applying T = gr 


/3300\ 

lurj- 


6600 


The principal stresses: 
6600 


6600 


CT\ T 2 3' 

77 z r 


cr 2 = -r = 


The maximum distortion-energy theory: 

2 , 2 / <Ty^ 2 

O’! - O-1O2 + 0- 2 = I — 


6600 


_ ^37(10 3 )^ 2 


c = 0.3971 in. 
d = 0.794 in. 


Ans. 
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10 - 63 . An aluminum alloy is to be used for a drive shaft 
such that it transmits 25 hp at 1500 rev/min. Using a factor 
of safety of 2.5 with respect to yielding, determine the 
smallest-diameter shaft that can be selected based on the 
maximum-distortion-energy theory. cr Y = 3.5 ksi. 


P 1500(277) 

T = — CO = -—- = 5077 

co 60 


T = 


25(550)(12) = 3300 

5077 77 


TC 77 4 

T - -■ ’ - 2'' 


77 4 


6600 

2 3 

77V 


_ 6600 
CJ\ — 23 

77 C 


<*2 = 


-6600 


ct\ — a 1 a 2 + 02 = 


F.S. 


/6600V / 3.5(10 3 )^ 2 

U 2 cV “ V 2.5 

c = 0.9388 in. 

d = 1.88 in. 


Ans. 


* 10 - 64 . A bar with a square cross-sectional area is made 
of a material having a yield stress of cr y = 120 ksi. If the bar 
is subjected to a bending moment of 75 kip • in., determine 
the required size of the bar according to the maximum- 
distortion-energy theory. Use a factor of safety of 1.5 with 
respect to yielding. 


Normal and Shear Stress: Applying the flexure formula, 


(T 


Me 

I 


75 (f) 

l2 fl4 


450 


In-Plane Principal Stress: Since no shear stress acts on the element 


or = CT X 


450 


(J 2 = CJ y ^ 0 


Maximum Distortion Energy Theory: 

— °"l ^2 4" (J 2 — fallow 



- 0 + 0 = 




a = 1.78 in. 


Ans. 
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•10-65. Solve Prob. 10-64 using the maximum-shear- 
stress theory. 

Normal and Shear Stress: Applying the flexure formula, 

_ Me _ 75 (f) _ 450 
I ~ ~ a* 

In-Plane Principal Stress: Since no shear stress acts on the element. 

450 

(J \ (7 x 3 (J 2 (T x b 

a 


Maximum Shear Stress Theory: 


Wi\ 


0 ^ allow 


120 

1.5 


80.0 ksi 


l°"ll ^"allow 

450 _ 120 
a 3 “ 1.5 


a = 1.78 in. 


(O.K!) 


Ans. 



10-66. Derive an expression for an equivalent torque T e 
that, if applied alone to a solid bar with a circular cross 
section, would cause the same energy of distortion as 
the combination of an applied bending moment M and 
torque T. 


T 


T e c 

~Y 


Principal stress: 

O'! = T x ' (T2= -T 


1 4" V 9 2\ 

Ud = ~3E~ ^ ~ 0-1(72 + °" 2 ' 


, s _ 1 + V . 9 2 l + V (3 T 2 x C 2 

(«d)i - 3 £ ( T ) - 3 E 


Bending moment and torsion: 


Me 


Tc 


Principal stress: 



797 


































10 Solutions 46060 6/8/10 3:15 PM Page 798 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-66. Continued 



d\ = a 2 + b 2 + 2 a b 
crier 2 = a 2 — b 2 
a 2 = a 2 + b 2 — 2 ab 

cr\ — (Ticr 2 + 02 = 3 b 2 + a 2 


u d = 


1 + v 
3 E 


(°i - (T\ d 2 + o%) 


( u d)2 - 


1 + V 

3 E 


(3 b 2 + a 2 ) = 


1 + v 
3 E 


3 a 


. + 3r 2 + °— 

4 4 


1 + v 
3 E 


{a 2 + 3 r 2 ) = 


c\ 1 + v) f M 2 3 T 2 \ 
3 E V I 1 + J 2 ) 


(u d ) i = (u d ) 2 

c 3 (l + v) 3 T x 2 _ c 2 ( 1 + v) / M 2 3 T 2 \ 

3 ~e T 2 ” “ 3 ~e vi 2 " + T 2 ”; 


For circular shaft 


77 4 


/ fc 4 


= 2 


T = 

■*- p 


J 2 M 2 , rj.2 


I 2 3 


+ T 2 


n = J3M 2 + r 2 


Ans. 


10-67. Derive an expression for an equivalent bending 
moment M e that, if applied alone to a solid bar with a 
circular cross section, would cause the same energy of 
distortion as the combination of an applied bending 
moment M and torque T. 


Principal stresses: 
M P c 


o-i 


Ud = 


I ’ 

1 + V 


O- 2 = 0 

(cr\ - did 2 4 d\) 


( u d) 1 - 


3 E 

1 + V (M 2 e c 2 


3 E 


( 1 ) 
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*10-68. The short concrete cylinder having a diameter of 
50 mm is subjected to a torque of 500 N • m and an axial 
compressive force of 2 kN. Determine if it fails according to 
the maximum-normal-stress theory. The ultimate stress of 
the concrete is cr ult = 28 MPa. 


A = — (0.05) 2 = 1.9635(10“ 3 ) m 2 


J = y (0.025) 4 = 0.61359(1CT 4 ) m 4 


P 

a = — = 


2 ( 10 3 ) 


A 1.9635(10“ 3 ) 
Tc 500(0.025) 


J 0.61359(10“ 6 ) 


= 1.019 MPa 


= 20.372 MPa 


(i x = 0 a y = ~ 1-019 MPa r xy = 20.372 MPa 


cr x + & v 


°T,2 “ 


+ T 




0-1.018 /0-(-1.019) Y 

^-2-* VC- 2- 


+ 20.372 2 


og = 19.87 MPa a 2 = -20.89 MPa 


Failure criteria: 

|(Til < <r alt = 28 MPa 
\a 2 \ < cr alt = 28 MPa 
No. 


OK 

OK 

Ans. 


2 kN 



2 kN 



•10-69. Cast iron when tested in tension and compression 
has an ultimate strength of (cr ult ), = 280 MPa and 
(<T u i t ) c = 420 MPa, respectively. Also, when subjected to 
pure torsion it can sustain an ultimate shear stress of 
r ult = 168 MPa. Plot the Mohr’s circles for each case and 
establish the failure envelope. If a part made of this 
material is subjected to the state of plane stress shown, 
determine if it fails according to Mohr’s failure criterion. 


or = 50 + 197.23 = 247 MPa 
o- 2 = 50 - 197.23 = -147 MPa 

The principal stress coordinate is located at point A which is outside the shaded 
region. Therefore the material fails according to Mohr’s failure criterion. 

Yes. Ans. 


120 MPa 
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10-69. Continued 



10-70. Derive an expression for an equivalent bending 
moment M e that, if applied alone to a solid bar with a 
circular cross section, would cause the same maximum 
shear stress as the combination of an applied moment M 
and torque T. Assume that the principal stresses are of 
opposite algebraic signs. 


Bending and Torsion: 
Me_Mc_4M 

I f C 4 77 c 3 


Tc _ r_c _ 2 T 

T 77 4 


gC 77 C 


The principal stresses: 


a x + cr v 


°T,2 “ 


C X & V \ 2 


+ T 2 xy = 


+ 0 


2 M Z , /—9 - — 9 

= -T ± -rVM 2 + T 2 

77 C 77 C 


T al 

max 


- VM 2 + T 2 




2 


(i) 


Pure bending: 

Me M e c 


4 M P 


O- 2 = 0 


abs = CTi — CTo = 
max 1 2 


4 M P 


Equating Eq. (1) and (2) yields: 

4 M P 


-t Vm 2 + T 2 = 

77 C 77 C" 

m„ = Vm 2 + r 2 


( 2 ) 


Ans. 
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10-71. The components of plane stress at a critical point 
on an A-36 steel shell are shown. Determine if failure 
(yielding) has occurred on the basis of the maximum-shear- 
stress theory. 

In accordance to the established sign convention, cr x = 70 MPa ,a y = -60 MPa and 
r xy = 40 MPa. 


°T,2 - 




70 + (-60) 


70 - (-60) 


+ 40 2 


= 5 ± V5825 

cr l = 81.32 MPa a 2 = -71.32 MPa 


In this case, cr 1 and a 2 have opposite sign. Thus, 

|cri - a 2 \ = |81.32 - (—71.32)| = 152.64 MPa < = 250 MPa 

Based on this result, the steel shell does not yield according to the maximum shear 
stress theory. 


60 MPa 



*10-72. The components of plane stress at a critical point 
on an A-36 steel shell are shown. Determine if failure 
(yielding) has occurred on the basis of the maximum- 
distortion-energy theory. 

In accordance to the established sign convention, cr x = 70 MPa, a y = -60 MPa and 
r xy = 40 MPa. 


°T,2 


<r x + a y 
2 


± 



+ T Y 


2 


70 + (-60) 


70 - (-60) 


+ 40 2 


= 5 ± V5825 


o-j = 81.32 MPa a 2 = -71.32 MPa 

o-i 2 - o-i 02 + cr 2 2 = 81.32 2 - 81.32(-71.32) + (-71.32) 2 = 17,500 < a 2 = 62500 

Based on this result, the steel shell does not yield according to the maximum 
distortion energy theory. 


60 MPa 
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•10-73. If the 2-in. diameter shaft is made from brittle 
material having an ultimate strength of a uh = 50 ksi for 
both tension and compression, determine if the shaft fails 
according to the maximum-normal-stress theory. Use a 
factor of safety of 1.5 against rupture. 


Normal Stress and Shear Stresses. The cross-sectional area and polar moment of 
inertia of the shaft’s cross-section are 



A = 7r(l 2 ) = 7rin“ 


' = ?( l 4 )=?* 4 


The normal stress is caused by axial stress. 


c = ~7 = - — = -9.549 ksi 
A 77 


The shear stress is contributed by torsional shear stress. 

Tc 4(12)(1) 


J 77 


= 30.56 ksi 



(A) 


The state of stress at the points on the surface of the shaft is represented on the 
element shown in Fig. a. 


In-Plane Principal Stress. a x = -9.549 ksi, cr y = 0 and r xy = -30.56 ksi. We have 
<T x + a y I - <r y \2 " 

^• 2 = —5— ± Vl— 2 —J +T ^ 


-9.549 + 0 [7 -9.549 - 0 V TTTTP, 

- 5 - * V (- 2 - j + <- 30 ' 

= (-4.775 ± 30.929) ksi 
(j\ = 26.15 ksi (t 2 = -35.70ksi 


Maximum Normal-Stress Theory. 

_ °~ult _ 50 _ oo oo 1 • 

^aiiow — p g — i 5 — 33.33 ksi 

logl = 26.15 ksi < cr a iiow = 33.33 ksi (O.K.) 

1 0 - 2 1 = 35.70 ksi > o'aiiow = 33.33 ksi (N.G.) 


Based on these results, the material fails according to the maximum normal-stress 
theory. 
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10-74. If the 2-in. diameter shaft is made from cast 
iron having tensile and compressive ultimate strengths 
of (cT u i t ) t = 50 ksi and (<r M /,) c = 75 ksi, respectively, 
determine if the shaft fails in accordance with Mohr’s 
failure criterion. 

Normal Stress and Shear Stresses. The cross-sectional area and polar moment of 
inertia of the shaft’s cross-section are 


A = 77(1 2 ) = 77 in 2 
The normal stress is contributed by axial stress. 





a- = ^r= = -9.549 ksi 

A 77 


The shear stress is contributed by torsional shear stress. 

Tc 4(12)(1) 


= 30.56 ksi 


77 

~2 


The state of stress at the points on the surface of the shaft is represented on the 
element shown in Fig. a. 

In-Plane Principal Stress. a x = -9.549 ksi, cr^ = 0, and r xy = -30.56 ksi. We have 

cr Y + cr v 


°T,2 ~ 


T 


-9.549 + 0 


-9.549 - 0\ 2 


+ (-30.56) 2 


2 V V 2 

= (-4.775 ± 30.929) ksi 
<j\ = 26.15 ksi cr 2 = —35.70ksi 

Mohr’s Failure Criteria. As shown in Fig. b , the coordinates of point A, which 
represent the principal stresses, are located inside the shaded region. Therefore, the 
material does not fail according to Mohr’s failure criteria. 



^3 


Cd) 



IF, (Ksi) 


i>S-7o 
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10-75. Continued 


Maximum Shear Stress Theory, and cr 2 have opposite signs. This requires 

\c\ — ^21 — allow 

66.07 - (-108.38) = o- allow 
o aiiow = 174.45 MPa 


The factor of safety is 


F.S. 


O-Y 
& allow 


250 

174.45 


1.43 


Ans. 



foot) 



806 



























10 Solutions 46060 6/8/10 3:15 PM Page 807 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 



807 


































10 Solutions 46060 6/8/10 3:15 PM Page 808 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 



808 



























10 Solutions 46060 6/8/10 3:15 PM Page 809 



© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


•10-77. The element is subjected to the stresses shown. If 
o-y = 36 ksi, determine the factor of safety for the loading 
based on the maximum-shear-stress theory. 


a x = 4 ksi cry = —12 ksi r xy = —8 ksi 


°T,2 


(J X + O-y 
2 


± 



+ T 


2 





+ (— 8) 2 


12 ksi 



cri = 7.314 ksi <x 2 = -15.314 ksi 


T abs max 



7.314 - (-15.314) 
2 


11.314 ksi 


_ (Ty 
T allow 0 


36 

2 


18 ksi 


F.S. = 


^allow 


r abs 


18 

11.314 


1.59 


Ans. 


10-78. Solve Prob. 10-77 using the maximum-distortion- 
energy theory. 


(T x = 4 ksi (T y = -12 ksi r xy = -8 ksi 


o' 1,2 ~ 


Ox + Oy 
2 

4-12 


0 X - Oy\ 2 


+ rt 


4 - (-12) V 


+ (- 8) 2 


a 1 = 7.314 ksi ct 2 = -15.314 ksi 


2 , 2 _ i (J y 

oi ~ o t a 2 + cr 2 = [ 


F.S. = 


36 2 


(7.314) 2 - (7.314)(—15.314) + (-15.314) 2 


= 1.80 



Ans. 
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10-82. The state of stress acting at a critical point on the 
seat frame of an automobile during a crash is shown in the 
figure. Determine the smallest yield stress for a steel that 
can be selected for the member, based on the maximum- 
shear-stress theory. 


Normal and Shear Stress: In accordance with the sign convention. 


cr x = 80 ksi (jy = 0 r xy = 25 ksi 


In - Plane Principal Stress: Applying Eq. 9-5. 


cr x + d v 


°T,2 


CT r - (Ty\2 


= 40 ± 47.170 

di = 87.170 ksi d 2 = -7.170 ksi 



Maximum Shear Stress Theory: d 1 and d 2 have opposite signs so 


l°T cr 2\ — (T y 

187.170 - (-7.170)| = o-y 
d y = 94.3 ksi 


Ans. 


10-83. Solve Prob. 10-82 using the maximum-distortion- 



= 40 ± 47.170 

di = 87.170 ksi d 2 = -7.170 ksi 


Maximum Distortion Energy Theory: 

d\ — d i d 2 + d\ = d\ 

87.170 2 - 87.170(-7.170) + (-7.170) 2 = o$ 

d Y = 91.0 ksi Ans. 
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*10-84. A bar with a circular cross-sectional area is made 
of SAE 1045 carbon steel having a yield stress of 
cr y = 150 ksi. If the bar is subjected to a torque of 
30 kip • in. and a bending moment of 56 kip • in., determine 
the required diameter of the bar according to the 
maximum-distortion-energy theory. Use a factor of safety 
of 2 with respect to yielding. 


Normal and Shear Stresses : Applying the flexure and torsion formulas. 
_ Me _ 56 (j) _ 1792 

1 ~ f (f) 4 ~ ^ 

_ 7c _ 30(f) _ 480 

J § (§) 4 vd 3 

The critical state of stress is shown in Fig. (a) or (b), where 


1792 

77 cP 


CTy = 0 


480 

77 d 3 


In - Plane Principal Stresses : Applying Eq. 9-5, 


"x + ry , l(<rx ~ °>\ 2 , 2 

= —5— ± VI— 2 — J +T " 


77 d 


+ 0 


1792 

77 di 


~ 0\2 


480 V 

77 d 3 ) 


896 1016.47 

77 d 3 ird 3 


o-i 


1912.47 

77 d 3 


120.47 

<72 ““ TTCP 


Maximum Distortion Energy Theory: 

°"l — °"l°"2 "b cr 2 — O' a ii ow 

/ 1912.47 Y _ f 1912.47 120.47 \ ( _ 120.47 Y _ (150 Y 

\ 77 d 3 ) \ 77 d 3 /V 77 d 3 ) V 77 d? J \ 2 / 

d = 2.30 in. Ans. 
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•10-85. The state of stress acting at a critical point on a 
machine element is shown in the figure. Determine the 
smallest yield stress for a steel that might be selected for the 
part, based on the maximum-shear-stress theory. 


The Principal stresses: 




cr! = 8.8489 ksi cr 2 = -10.8489 ksi 


Maximum shear stress theory: Both principal stresses have opposite sign, hence, 

|cri - a 2 \ = cr Y 8.8489 - (-10.8489) = cr y 

cr Y = 19.7 ksi Ans. 


10-86. The principal stresses acting at a point on a thin- 
walled cylindrical pressure vessel are = pr/t , <x 2 = pr/2t, 
and cr 3 = 0. If the yield stress is cr Y , determine the maximum 
value of p based on (a) the maximum-shear-stress theory and 
(b) the maximum-distortion-energy theory. 


a) Maximum Shear Stress Theory: a 1 and cr 2 have the same signs, then 


M = <Ty 


2t 

P = —Vy 


kll = ^ 


p = - cr y ( Controls \) 


b) Maximum Distortion Energy Theory: 

aj - a,a, + <r\ = al 


??' + 


= <4 


p = 


2t 

V3r 


Ans. 


Ans. 
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•10-89. The shaft consists of a solid segment AB and a 
hollow segment BC , which are rigidly joined by the 
coupling at B. If the shaft is made from A-36 steel, 
determine the maximum torque 7 that can be applied 
according to the maximum-shear-stress theory. Use a factor 
of safety of 1.5 against yielding. 


Shear Stress: This is a case of pure shear, and the shear stress is contributed by 
torsion. For the hollow segment, J h = y (0.05 4 - 0.04 4 ) = 1.8457r(lCT 6 ) m 4 .Thus, 



_ Tc h _ 7(0.05) 

J h 1.845t7(1(T 6 ) 


8626.287 


For the solid segment, J s = y (0.04 4 ) = 1.287r(l0 6 ) m 4 .Thus, 


Tc s _ 7(0.04) 

J s 1.28ir(l0~ 6 ) 


9947.187 


By comparision, the points on the surface of the solid segment are critical and their 
state of stress is represented on the element shown in Fig. a. 


In - Plane Principal Stress. a x 

a x + (Jy 

0 + 0 
2 ± 

v 1 = 9947.187 


= (j y = 0 and r xy = 9947.187. We have 



^(V ) 2+ (" 47 - isr ) 2 


o- 2 = -9947.187 





Maximum Shear Stress Theory. 


fallow 


j Y 


250 


F.S. 1.5 


= 166.67 MPa 


Since cr x and cr 2 have opposite sings, 


\(J\ (J2I ^allow 

9947.187 - (-9947.187) = 166.67(l0 6 ) 

7 = 8377.58 N • m = 8.38 kN • m Ans. 
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10-91. The internal loadings at a critical section along the 
steel drive shaft of a ship are calculated to be a torque of 
2300 lb • ft, a bending moment of 1500 lb • ft, and an axial 
thrust of 2500 lb. If the yield points for tension and shear are 
cr y = 100 ksi and r Y = 50 ksi, respectively, determine the 
required diameter of the shaft using the maximum-shear- 
stress theory. 


A 2 T 77 A T 77 4 

A = 7T C I = —■ C J = — C 
4 2 


_ P_ Me _ / 2500 1500(12)(c) \ _ _/2500 72 000 


^ = 7i + / 




^ ) V IT C 2 

4 


7 A = 


Tc 2300(12)(c) 55 200 


J kS 

2 

(Tv + (Tv 


°T,2 - 


+ r 


x y 


2500 c + 72 000 \ // 2500c + 72 000 V / 55200 V 

277 c 3 ) V V 277 c 3 / \ IT c 3 J 


Assume a 1 and a 2 have opposite signs: 

kl “ 0- 2 l = <Ty 

„ //2500c + 72 000\ 2 /55 200V 

V( 2g c 3 ) + {-^) = ^ 

(2500c + 72000) 2 + 110400 2 = 10 000(10V 2 c 6 
6.25c 2 + 360c + 17372.16 - 10 OOO 77 2 c 6 = 0 


By trial and error: 
c = 0.750 57 in. 

Substitute c into Eq. (1): 

cr 1 = 22 193 psi (j 2 = —77 807 psi 

ax and cr 2 are of opposite signs 

Therefore, 
d = 1.50 in. 



( 1 ) 


OK 


Ans. 
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*10-92. The gas tank has an inner diameter of 1.50 m and 
a wall thickness of 25 mm. If it is made from A-36 steel and 
the tank is pressured to 5 MPa, determine the factor of 
safety against yielding using (a) the maximum-shear-stress 
theory, and (b) the maximum-distortion-energy theory. 



(a) Normal Stress. Since - = 


(J \ (7 h 


°"2 °"long 


t 0.025 

pr 5(0.75) 


= 30 > 10, thin-wall analysis can be used. We have 


t 0.025 
pr 5(0.75) 


= 150 MPa 


= 75 MPa 


2 t 2(0.025) 

Maximum Shear Stress Theory. a 1 and cr 2 have the sign. Thus, 

l°"ll — allow 

^ allow 150 MPa 


The factor of safety is 


F.S. 


^ = ^= 1.67 

^"allow 150 


(b) Maximum Distortion Energy Theory. 

(J \ 2 ~ cria 2 + cr 2 2 = cr allow 2 
150 2 - 150(75) + 75 2 = o- allow 2 


ct aiiow = 129.90 MPa 


The factor of safety is 


F.S. 


(+Y 

^"allow 


250 

129.90 


1.92 


Ans. 


Ans. 
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•10-93. The gas tank is made from A-36 steel and 
has an inner diameter of 1.50 m. If the tank is designed 
to withstand a pressure of 5 MPa, determine the required 
minimum wall thickness to the nearest millimeter using 
(a) the maximum-shear-stress theory, and (b) maximum- 
distortion-energy theory. Apply a factor of safety of 1.5 
against yielding. 



(a) Normal Stress. Assuming that thin - wall analysis is valid, we have 
pr 5(l0 6 )(0.75) 3.75(l0 6 ) 


pr 5(l0 6 )(0.75) 1.875(l0 6 ) 

' J 2 = <7lon s = 2t = 2t = 7 

Maximum Shear Stress Theory. 


^"allow 


O-Y 

FS. 


250(l0 6 

1.5 


166.67(l0 6 )Pa 


cTi and <x 2 have the same sign. Thus, 

I ^11 — ^"allow 

3.75(l0 6 ) 

-= 166 

t 



t = 0.0225 m = 22.5 mm 


Ans. 


Since - = = 33.3 > 10, thin - wall analysis is valid. 

t 0.0225 J 

(b) Maximum Distortion Energy Theory. 


^"allow 


o~y 

F.S. 


250(l0 6 ) 


1.5 


166.67(lO e )Pa 


Thus, 

°"l — — ^allow 


3.75(l0 6 ) 

2 

1 

u> 

Ui 

Ln 

o 

o\ 

_1 

1.875(l0 6 ) 

+ 

1.875(l0 6 ) 

2 

166.67(l0 6 ) 

t 


t 

t 

t 



3.2476(l0 6 ) 

t 


166.67(l0 5 ) 


t = 0.01949 m = 19.5 mm 


Ans. 


r 0. /j 

Since - = = 38.5 > 10, thin - wall analysis is valid. 
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10-94. A thin-walled spherical pressure vessel has an 
inner radius r, thickness t, and is subjected to an internal 
pressure p. If the material constants are E and v, determine 
the strain in the circumferential direction in terms of the 
stated parameters. 


(j\ — a 2 — 


pr 

2t 


s t = s 2 = S 


1 _ 

E 


(a — vcr) 



1 ~ v fpr\ 
E \2t) 


Pr 
2 Et 


(1 - v) 


Ans. 


10-95. The strain at point A on the shell has components 
e x = 250(1(T 6 ), e y = 400(1(T 6 ), y xy = 275(1(T 6 ), = 0. 

Determine (a) the principal strains at A, (b) the maximum 
shear strain in the x-y plane, and (c) the absolute maximum 
shear strain. 


e* = 250(10“ 6 ) = 400(10“ 6 ) y xy = 275(10“ 6 ) -y- = 137.5(10“ 6 ) 

>1(250,137.5)10 -6 C(325, 0)10^ 6 

R = ^ V(325 - 250) 2 + (137.5) 2 ^10“ 6 = 156.62(10“ 6 ) 

a) 

6l = (325 + 156.62)10~ 6 = 482(10^ 6 ) Ans. 

e 2 = (325 - 156.62)10“ 6 = 168(10“ 6 ) Ans. 

b) 

7 in m p a iLe = 2R = 2(156.62)(10- 6 ) = 313(10- 6 ) Ans. 


c) 

rabs x 482(10~ 6 ) 

2 2 

7 ^ b a s x = 482(10 -6 ) Ans. 
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*10-96. The principal plane stresses acting at a point are 
shown in the figure. If the material is machine steel having a 
yield stress of cr Y = 500 MPa, determine the factor of 
safety with respect to yielding if the maximum-shear-stress 
theory is considered. 


100 MPa 


■150 MPa 


Have, the in plane principal stresses are 

(j\ — a y = 100 MPa d 2 = (t x = -150 MPa 

Since cr 1 and cr 2 have same sign, 


F.S = 


500 


kt - cr 2 | |100 - (-150)| 


= 2 


Ans. 


•10-97. The components of plane stress at a critical point 
on a thin steel shell are shown. Determine if failure 
(yielding) has occurred on the basis of the maximum- 
distortion-energy theory. The yield stress for the steel is 
(t y = 650 MPa. 


340 MPa 


65 MPa 


55 MPa 


a x = —55 MPa (7^ = 340 MPa r xy = 65 MPa 


& x + cr v 


°T,2 _ 


+ T 


xy 


-55 + 340 


-55 - 340 


+ 65 2 


o-i = 350.42 MPa a 2 = -65.42 MPa 
(o-! 2 - 0-10-2 + 0-2) = [350.42 2 - 350.42(—65.42) + (-65.42) 2 ] 
= 150 000 < (j\ = 422 500 


No. 


OK 

Ans. 
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10-98. The 60° strain rosette is mounted on a beam. 
The following readings are obtained for each gauge: 
e a = 600(1CT 6 ), e b = -700(10“ 6 ), and e c = 350(10“ 6 ). 
Determine (a) the in-plane principal strains and (b) the 
maximum in-plane shear strain and average normal strain. In 
each case show the deformed element due to these strains. 


Strain Rosettes (60°): Applying Eq. 10-15 with s x = 600(l0 6 ), 

e b = -700(lCT 6 ), e c = 350(1 (T 6 )a = 150°, 6 b = -150° and 6 C = -90°, 

350(l0“ 6 ) = e x cos 2 (—90°) + e y sin 2 (-90°) + y xy sin (-90°) cos (-90°) 
e y = 350(l(T 6 ) 

600(l(T 6 ) = e x cos 2 150° + 350(l(T 6 ) sin 2 150° + y xy sin 150° cos 150° 

512.5(l0“ 6 ) = 0.75 s x - 0.4330 y xy [1] 

-700(l0“ 6 ) = e x cos 2 (—150°) + 350(l0“ 6 ) sin 2 (-150°) + y xy sin (-150°) cos (-150°) 
-787.5(l0 -6 ) = 0.75e x + 0.4330 y xy [2] 


Solving Eq. [1] and [2] yields e* = -183.33(l0~ 6 ) y xy = -1501.1l(l0“ 6 ) 

Construction of she Circle: With e x = —183.33(10 6 j, e y = 350(l0 6 j, and 
U = -750.56(l0“ 6 ). 


e avg 


S x + Sy 
2 


^ —183.33 + 350 


(l0~ 6 ) = 83.3(l0^ 6 ) 


Ans. 


The coordinates for reference points A and C are 

yl(—183.33, -750.56)(l0“ 6 ) C(83.33,0)(l0“ 6 ) 


The radius of the circle is 

R = (V(183.33 + 83.33) 2 + 750.56 2 ^(l0 -6 ) = 796.52(l0 -6 ) 

a) 


In-plane Principal Strain: The coordinates of points B and D represent and e 2 , 
respectively. 


Cl = (83.33 + 796.52) (l0^ 6 ) = 880(l0^ 6 ) Ans. 

e 2 = (83.33 - 796.52)(l0“ 6 ) = -713(l0“ 6 ) Ans. 


Orientation of Principal Strain: From the circle, 


tan 2 8pi 

20pi 

0 P 


750.56 

183.33 + 83.33 

180° - 2 0 P2 

180° - 70.44° 
2 


= 2.8145 2 0 P2 = 70.44° 


= 54.8° ( Clockwise ) 


Ans. 
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*10-100. The A-36 steel post is subjected to the forces 
shown. If the strain gauges a and b at point A give readings 
of e a = 300(10 -6 ) and e b = 175(10 -6 ), determine the 
magnitudes of F 1 and P 2 . 


Internal Loadings: Considering the equilibrium of the free - body diagram of the 
post’s segment, Fig. a , 

= 0; P 2 - V = 0 V = P 2 



+ t2^ = 0; N — P 1 = 0 


N = P x 



lin. 

Section c- c 


C +SM 0 = 0; M + P 2 ( 2) = 0 M = 2P 2 

Section Properties: The cross - sectional area and the moment of inertia about the 
bending axis of the post’s cross - section are 

A = 4(2) = 8 in 2 

1 = = 10 - 667in4 

Referring to Fig. b , 

{Q,)a = x'A' = 1.5(1)(2) = 3 in 3 

Normal and Shear Stress: The normal stress is a combination of axial and bending 
stress. 



Pi , 2P 2 (12)(1) 

8 10.667 


= 2.25P 2 - 0.12 5P t 


The shear stress is caused by transverse shear stress. 


t a = 


VQa 

it 


PA 3) 
10.667(2) 


= 0.140625P 2 


P, 



H 


C&) 


Thus, the state of stress at point A is represented on the element shown in Fig. c. 


Normal and Shear Strain: With 6 a = 90° and 0 b = 45°, we have 
s a = s x cos 2 0 a + s y sin 2 0 a + y^sin 6 a cos 6 a 
300(l0“ 6 ) = s x cos 2 90° + sin 2 90° + y^sin90° cos90° 

s y = 300( l0 6 )s/, = e x cos 2 6 b + s y sin 2 0 b + -y rv sin 0 h cos 0 h 
175(HT 6 ) = e x cos 2 45° + 300(l0~ 6 )sin 2 45° + y xy sin 45°cos 45° 

E x + Vxy = 50(l0 -6 ) (1) 





iX 



L 







[A, 




0 

/ 



IFn. 


Cb) 
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10-100. Continued 


Since a y = <t z = 0,s x = -vs y = -0.32(300)(l(T 6 ) = -96(l(T 6 ) 

Then Eq. (1) gives 

y xy = 146(l0- 6 ) 

Stress and Strain Relation: Hooke’s Law for shear gives 

Tx = Gy xy 

0.140625 P 2 = 11.0(l0 3 )[l46(l0 -6 )] 

P 2 = 11.42 kip = 11.4 kip Ans. 

Since a y = a z = 0, Hooke’s Law gives 

(Ty = ESy 

2.25(11.42) - 0.125P! = 29.0(l0 3 )[300(l0“ 6 )] 

Pi = 136 kip Ans. 


foZ&l-o.asp. 

» t 

I < 


> * 
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10-101. A differential element is subjected to plane strain 
that has the following components: e x = 950(10 -6 ), e y = 
420(10 ~ 6 ),y xy = ~ 325(10 -6 ). Use the strain-transformation 
equations and determine (a) the principal strains and (b) the 
maximum in-plane shear strain and the associated average 
strain. In each case specify the orientation of the element 
and show how the strains deform the element. 


s l,2 


S x + Sy 
2 


± 



7x>; 


2 


950 + 420 
2 


± 



Sj = 996(10 -6 ) 
e 2 = 374(1(T 6 ) 


Orientation of s t and s 2 : 


tan 2 6 P = 

6p = 


y X y _ -325 

s x - Sy 950 - 420 

-15.76°, 74.24° 


Ans. 

Ans. 


Use Eq. 10.5 to determine the direction of s x and s 2 . 
+ 


S x + Sy S X ~ Sy y X y 

—--1--- cos 20 + —— sin 20 

2 2 2 


0 = 0 P = -15.76° 

950 + 420 950 - 420 


0 P1 = -15.8° 
0 P2 = 74.2° 

b) 


cos (-31.52°) + - ^ sin (-31.52°) J>(1(T 6 ) = 996(10 -6 ) 


Ans. 

Ans. 


max I / p — p \ o / r\i \ o 

in-plane _ 11 C ' x \ 


2 J 


7 , 


max = 2 


in-plane 


( 950 - 420 V + 325 \ 




_e x + e y _ / 950 + 420 
£avg ~ 2 2 


2 J J 

(10“ 6 ) = 685(10“ 6 ) 


(10“ 6 ) = 622(10 _b ) 


Ans. 


Ans. 
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10-101. Continued 

Orientation of y max : 

~( e x - By) -(950 - 420) 
tan 29 P — — 

y xy 325 

Op = 29.2° and 6 P = 119° 


Use Eq. 10.6 to determine the sign of 


max 

in-plane 


TV/ s x s y yxy 

-=--- sin 26 H-cos 26 

2 2 2 


6 = 6 P = 29.2° 


Jx'y' = 2 


-(950 - 420) 


-325 

sin (58.4°) + —— cos (58.4°) 


(io- 6 ) 


Vxy = -622(10- 6 ) 


Ans. 


10-102. The state of plane strain on an element is 
e x = 400(10“ 6 ), e y = 200(10“ 6 ), and y xy = -300(10“ 6 ). 
Determine the equivalent state of strain on an element at 
the same point oriented 30° clockwise with respect to the 
original element. Sketch the results on the element. 


Stress Transformation Equations: 

e x = 400(l0~ 6 ) e y = 200(l0 


-6 


) y xy = -300(Kr 6 ) 


We obtain, 
s x + 8 V 


7xy 


- cos 26 H-sin 26 

2 2 


400 + 200 400 - 200 , 

-r-+--- cos (-60°) + 


-300 


sin (-60°) 


(10 


= 480(l0~ 6 ) 


y x y 

~ 


- By \ y X y 

—— sin 26 H-cos 26 

2 2 


yxy = [-(400 - 200) sin (-60°) + (-300) cos (-60°)](l0~ 6 ) 
= 23.2(l0“ 6 ) 


s x V e v s x Sv Jxy 

cos 26 -— sin 26 

2 


2 2 
400 + 200 400 - 200 


cos (-60°) - 


-300 


sin (-60°) 


(10- 


= 120(l0 -6 ) 


6 = -30° 


-61 


Ans. 


Ans. 


Ans. 
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10-103. The state of plane strain on an element is 
e x = 400(1(T 6 ), e y = 200(1CT 6 ), and y xy = -300(1CT 6 )- 
Determine the equivalent state of strain, which represents 
(a) the principal strains, and (b) the maximum in-plane 
shear strain and the associated average normal strain. 
Specify the orientation of the corresponding element at the 
point with respect to the original element. Sketch the results 
on the element. 


Construction of the Circle: s x = 400(l0 6 ),s y = 200(l0 6 ),and^^ = -150(l0 6 ). 
Thus, 

= = 300(10-) 

The coordinates for reference points A and the center C of the circle are 
,4(400, —150)(l0 -6 ) C(300, 0)(l0“ 6 ) 

The radius of the circle is 

R = CA = V(400 - 300) 2 + (—150) 2 = 180.28(l0“ 6 ) 

Using these results, the circle is shown in Fig. a. 


In - Plane Principal Stresses: The coordinates of points B and D represent and s 2 , 
respectively. Thus, 


El = (300 + 180.28)(l0“ 6 ) = 480(l0“ 6 ) Ans. 

e 2 = (300 - 180.28)(l0 -6 ) = 120(l0 -6 ) Ans. 


Orientation of Principal Plane: Referring to the geometry of the circle, 


tan 2{e p ) 1 


150 

400 - 300 


= 1.5 


(o p )i = 28.2° (clockwise) 


Ans. 


y 



The deformed element for the state of principal strains is shown in Fig. b. 


Maximum In - Plane Shear Stress: The coordinates of point E represent e avg and 
max . Thus 




in-plane 


r, 


max 

in-plane 


= -R = —180.28(l0~ 6 ) 


r P W = -361 (10 6 ) 


Ans. 


Orientation of the Plane of Maximum In - Plane Shear Strain: Referring to the 
geometry of the circle, 


tan 26 s 


400 - 300 
150 


0.6667 


6 S = 16.8° (counterclockwise) 


Ans. 


The deformed element for the state of maximum in - plane shear strain is shown in 
Fig. c. 
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